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PREFACE 


The subject of human heredity has grown very rapidly in recent 
years, especially in relation to medicine. My previous book on this 
subject, Heredity in Many covered the field fairly well up to 1929 and 
was an extension of an earlier work. Heredity and Eugenics (1923). In 
the present work the number of chapters has been doubled, the amount 
of material is perhaps five times as great, and the bulk of the work in- 
cluded has been published since 1929. This is therefore in every sense 
a new work, greatly enlarged. Although some of the material in the 
previous book has been incorporated in certain chapters, every chapter 
contains mainly new material. The approach has been biological rather 
than more strictly genetical throughout. The first four chapters, which 
deal with the more genetical and cytological aspects, are entirely new. 
In Chapters V, VI, IX, XVI and XXIX the material is partly anthro- 
pological and Chapter XXX is almost wholly anthropological. The 
other chapters deal mainly with medical abnormalities of the various 
organ systems. Eye and hair color, color-blindness, albinism, metabolic 
errors and allergy each require a chapter. Hemophilia, in which the 
earlier genetic outlook is greatly changed, requires another. The same 
is true of other blood diseases and of the blood gioups. The latter both 
involve fundamental advanc(‘S in racial anthropology as well as in medi- 
cine. 

The chapter on hereditary syndromes is necessitated by the rapidly 
increasing number of such conditions which are being recognized in 
the medical literature. 'Fheir history generally follows a uniform pat- 
tern. One or a few isolated cases are recognized and published. Other 
authors follow with similar cases, this phase sometimes extending over 
many years. At first there is no evidence of heredity, but almost invari- 
ably as the disease becomes better known definite evidence of its famil- 
ial occurrence begins to appear, until finally the evidence of heredity 
becomes clear and indisputable. In a few cases I have suggested inher- 
itance in connection with syndromes which have not yet readied this 
final stage. In some syndromes with diverse manifestations , the occur- 
rence of partial expressions poses the question whether a single pleio- 
tropic gene or two or three linked genes are involved. 
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The chapter on twins and twinning discussc's the various theories 
of twin-origin and vStativStics on multiple l)irths, and brings together 
many biological results of the comparative study of twins. The com- 
parisons of one-egg twins are not found in any of the recent books on 
twins and are of chief value as showing the limits of inheritance. The 
study of twins has become such a well-recognized method in human 
genetics that other references to twins are scattered throughout the 
book. For brevity, the terms MZ and DZ are used in reference to 
monozygotic and dizygotic twins respectively. 

The chapter on muscular and neuromuscular abnormalities is fol- 
lowed by one on defects of the nervous system, and this in turn by one 
on mental defects. This sequence makes it clear that no sharp line can 
be drawn between these three categories. The chapter on normal 
mental differences might have been greatly extended, but much of the 
material seemed to be rather outside the province of the present work. 
Indeed, without much compression and elimination any one of twenty 
chapters could easily have extended to book size. The vast amount of 
material claiming a place has made it necessary to reduce discussion 
to a minimum. 

The chapter on cancer endeavors to focus the various theories and 
the manifold observations and experiments bearing on cancer into one 
unitary point of view regarding one of the greatest problems of modern 
biology — that of uncontrolled growth. Constitution and susceptibility 
in relation to l)ody build will occupy a position of increasing importance 
in the study of hereditary factors, and the chapter on constitution 
emphasizes some of the important recent developments in this field. 

Throughout the chapters In which various physical and physiological 
abnormalities are considered, the results of animal genetics, especially 
with the mammals, are frequently cited when they throw light on the 
conditions in man. The more advanced genetics of Drosophila often 
serves to illustrate a fundamental principle, and plant genetics has also 
been drawn into service occasionally. Other results which continually 
come into the picture in explaining the nature of an abnormality are 
those of embryology, tissue culture and biochemistry. Every character 
has to be studied in its relations to the whole organism. That an in- 
herited biochemical defect can produce serious mental derangement 
as a constant concomitant Is but one of many recent discoveries which 
bring biochemistry and heredity into intimate relations. In the case 
of many inherited defects and diseases it has been necessary to enter 
into the physiology or biochemistry of the condition in order to get 
some understanding of the ultimate nature of the inherited difference 
and its relations to the rest of the organism. Far more is knov 
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the biology, physiology, morphology and teratology of man than of any 
other organism, and this knowledge constantly throws skle-lights on 
the interpretation of his genetics. 

In Heredity in Man it was, I think, first clearly emphasized that the 
same inherited condition may be (i) dominant, (2) recessive or (3) sex- 
linked, in different pedigrees. In the last fifteen years the list of such 
characters in man hcis been greatly extended, until this can l)e regarded 
as a characteristic feature of human genetics. Exactly what it means 
is still obscure, but a full explanation may involve an important new 
principle in genetics. In the interx^al, the importance of “skipping a 
generation” — now known as lack of penetrance — has also been 
recognized. In writing this book it has become very clear that domi- 
nance and reccssiveness are not absolutely distinct categories, but that 
in different families the genes for a particular condition represent a 
sliding scale of values; sometimes from strict dominance in one pedigree 
through partial dominance with more or less frecpient skips in another, 
to complete reccssiveness with very incomplete penetrance or expres- 
sion even in the homozygous condition in still others. Of the various 
explanations, such as the presence of inhibitors or modifiers, none is at 
present wholly satisfactory. There is no evidence of a change of 
dominance gradually taking place in any pedigree. Rather there are 
genes of different strength for the same al)normality in different 
families. 

A work of this kind will necessarily be used for reference. Many 
characters in man have been studied from so many different points of 
view that it is impossible to consider all these aspects in one part of the 
book. The work on melanin or spina bifida, for example, has been 
referred to more than once under quite different headings. It is there- 
fore hoped that a good index will make available all the material in 
this very wide field, and the index should be consulted even when the 
main treatment of a particular topic has been found. As regards litera- 
ture, the subject is so vast that only key references and some of the 
more important ones under each topic can be cited. The papers cited 
should be sufficient to serve as an introduction to the literature of each 
topic and it is hoped that few really important recent papers have 
been missed. But the citations in some fields are naturally more com- 
plete than in others. They should be sufficient to serve as a starting 
point for anyone who wishes to pursue investigations on the inheritance 
of any particular condition. As in any rapidly developing field, there 
are limitless opportunities for further research, but the time is now 
past when anyone can profitably suggest that little or nothing is known 
'leredity in man. 
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Finally, it is my pleasant duty to thank those who have contributed 
in various ways to the production of this book. Writing under war 
conditions and away from my own library has been a source of difficul- 
ties ; but this has been to a large extent overcome through the facilities 
offered by the excellent and varied library of the Marine Biological 
Laboratory. Indeed, I know of no single library which could more ade- 
quately and conveniently fulfill the needs associated with the writing 
of a book of this kind from a biological point of view, although it of 
course lacks some of the more specialized medical and anthropological 
journals. During the four years in which this book has been in prepara- 
tion, I have received generous services not only from the Library staff 
of the M. B. L. but also from those of the Boston. Medical Library, and 
the Harvard Medical Library, to which occasional visits have been 
made ; I have also been able to make some use of the Howe Ophthal- 
mological Library and, through Professor E. A. Hooton, of the Harvard 
Anthropological Library. I am greatly indebted to the American Phil- 
osophical Society for a grant in connection with secretarial work en- 
tailed in the writing of this book. 

I have also benefited from a critical reading of Chapter XV by 
Dr. Eric Ponder, Chapter XX by Dr. L. H. Snyder and Chapter XXVI 
by Dr. C. C. Little, but the views expressed are of course my own re- 
sponsibility. I am further indebted to Dr. L. C. Dunn, Dr. Madge 
Macklin and others for several references, and to Dr. Snyder for aid 
with references. 

The selection of illustrations has been a difficulty, because it is impos- 
sible to illustrate more than a tithe of the conditions considered. 
Figure i68 is from an original photograph contributed by Dr. R. M. 
Stecher of Cleveland, Fig. i8i was similarly provided by Dr. W. W. 
Graves of St. Louis, Fig. 274 by Dr. E. Witschi ^md Fig. 65 by Dr. D. G. 
Cogan of the Massachusetts Eye and Ear Infirmary. The photomicro- 
graph in Fig. 230 is from a preparation made in the laboratory of 
Dr. C. H. Smith, New York University, and Fig. 256 is from Dr. S. Le- 
vine, Dept, of Pediatrics, New York Hospital. The original source of 
publication of all the others is given under the figure, the author’s name 
serving as a guide to the full citation of the journal in the Literature 
list. Sixty-five figures and pedigrees are reproduced here from Heredity 
in MaUy the publishers, Messrs. Constable, having kindly sent me the 
blocks for this purpose. I also have to thank the Duke University Press 
for the loan of the blocks for Figs. 117 and 307 from Snyder’s Medical 
Genetics. The rest have been collected from many journals. 

The pedigrees have frequently required complete reconstruction, 
often with change to the standard symbols, which it is hoped that 
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medical journals will adopt more fully. One finds from experience that 
they are greatly preferable to the old symbols, cT 9 . The latter are 
a frequent source of error and difficulty in pedigrees, especially when 
printed rather small or on paper which is not quite smooth. Medical men 
lead busy lives, but the extra time required in transcribing their pedi- 
grees into the standard symbols, making sure that the pedigrees corre- 
spond with the statements in the text and in giving the sex and condition 
of every member of the pedigree, is no more than sufficient to meet the 
conditions of more accurate and detailed statement which are neces- 
sary in the stage of statistical enciuiry which human genetics has now 
reached. It is impossible to use some published pedigrees, except for 
limited purposes, because of one or more of the defects just mentioned. 
Tf medical men and others will give in their pedigrees the additional 
accuracy and detail now required, they will greatly aid in the further 
rapid advance of human genetics. 

For clerical assistance in the preparation of the manuscript I am 
especially Indebted to Mrs. Kent T. Smith, Mrs. L. G. Barth, Mrs. K. 
G. Hall and Miss V. C. Beckham. 

In the interval since the above was written, delays have arisen partly 
due to the war. I have had the benefit of a critical reading of Chapter 
IT by Dr. K. Brehme, Chapter XXI l)y Dr. E. G. Conklin, Chapter 
XXIII by Dr. C. L. Huskins, and Chapter XXX by Dr. E. A. Hooton. 
I am also greatly indebted to Professor Hooton for his interest and 
aid in connection with the publication of this work. Professor George 
Sarton has contributed the reference to Hunain and I have received 
courtesies and help from the Harvard Library and that of the New York 
Academy of Medicine. 

Some of the material here assembled was used in a series of eight 
lectures on human heredity at the Lowell Institute, Boston, in October 
and November, 1944. 

Permission has been obtained for publication of the following figures: 
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Ellis & Payne in Quart. J. Med. 29:31, Fig. i. 

Bloem, Groen & Postma in Quart. J. Med. 29:517, Fig. i. 
Muller in Arch. Int. Med. 64:678, Fig. 2. 

Watson & Ritchie in Quart. J. Med. 18:239, P^- 8, Fig. 2. 
Eugster in Arch. J. Klaus-Stift. 13:476, Fig. 55b. 
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In each legend, under the numerous pedigrees and illustrations, I 
have credited the original author in every case, and the full journal 
reference will be found in the bibliography at the end of each chapter. 
The references to the Journal of Heredity have been added at the special 
request of the editor. 

The genetic complications of the Rh blood factor have been develop- 
ing so rapidly while this book was passing through the press that a 
straightforward account of the latest phases was almost impossible, 
but references are given to most of the papers. A definitive understand- 
ing of the numerous Rh and Hr alleles has probably now been reached. 
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It would be impossible to assume that a work of this size and scope 
is free from error and I should be glad if readers would point out to me 
any misstatements they may find. It is hoped that this work will be 
of service both to medical men and physical anthropologists in syn- 
thesizing certain aspects common to their two fields. 

I am indebted to Professor C. Stern, of the University of Rochester, 
for many helpful comments and criticisms in his reading of the galley 
proofs, but the views expressed are of course my own. 

Finally, I should like to express my thanks to the publishers for the 
great care and skill they have exercised in every technical phase of the 
production of this work. 

R. RUGGLES GATES 

Marine Biological Laboratory 
Woods Hole, Massachusetts 
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Chapter I 


INTRODUCTION 


A SURVEY of modern developments in human genetics is a very 
large undertaking. To be complete it must cover practically the 
whole literature, both of medicine and of physical anthropology. A 
fully documented work of this kind would require a score of large 
volumes. In order to bring this material within the covers of two 
volumes, it has been necessary to curtail descriptions and generally to 
refer only to the more important or significant contributions. Chap- 
ter XXX is devoted almost entirely to anthropological characters and 
their inheritance. But in many other chapters, such as those on eye 
and hair color, stature, blood groups and constitution, anthropological 
materials have been introduced in comparison with observations more 
purely medical in nature. It is impossible and undesirable to draw 
any hard and fast line between the two fields, because some diseases, 
such as thalassemia, favism and sickle cell anaemia, are more or less 
confined to certain races, and many other pathological conditions are 
more frequent in some races than others. A number of differences in 
racial susceptibility are also known. 

This work is intended as a source book for all those concerned with 
medicine or anthropology in its genetic aspects. It has become clear 
that every medical condition has its hereditary as well as its physi- 
ological aspects, sometimes one and sometimes the other being of 
paramount importance. But the doctor who neglects heredity loses 
sight of a great deal of the material which would be invaluable in 
interpreting his patient’s disease in its family history. Since fami- 
lies differ even in their reaction to common infections and diseases, 
an analysis of the family background of heredity may be of service 
even in the most unexpected cases. This is also where the general 
practitioner, with a personal knowledge of his patient’s family, has an 
advantage over the specialist to whom the patient may be simply a 
case. 
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This book follows the general plan of my Heredity in Man (1929); 
but the order of the chapters has been changed, their number is 
increased from sixteen to thirty-one, and the chapter on racial crossing 
is omitted because the subject requires treatment in a separate book. 
The bulk of the material in each chapter is new, but in certain chapters 
portions have been incorporated from the older work. The aim is to 
make available present knowledge on the inheritance of all kinds of 
human differences, normal and abnormal, and the present status of 
research as regards each condition referred to. In the more important 
cases a short account of the development of knowledge is given, from 
the discovery of a particular disease to the present understanding of 
its inheritance. Where different views are held regarding the manner 
of inheritance of any condition, they are all given as a basis for further 
analysis unless it is clearly possible to choose between them. Not- 
withstanding the great advances made In knowledge of human heredity 
in the last fifteen years, there are still many obscure points, In fact 
the text will be found to bristle with them. vSubjects on which further 
research is desirable have frequently been indicated. 

Human genetics Is in one sense an applied science — the results of 
experiments with animals and plants are api)lied to the interpretation 
of human pedigrees and statistics. This has sometimes resulted in a 
slight tendency to the development of fads, as in the case of modifying 
factors and multiple factors as applied to human genetic conditions. 
The advances in the subject have nevertheless been substantial in 
many directions, and in the aggregate a great body of increasingly 
accurate knowledge of human genetics has accumulated. The study 
of linkage, which began with sex-linked characters, has now extended 
to the other chromosomes and promises to include some of the most 
important future advances. The development of methods for cultur- 
ing leukocytes from the blood of living individuals and thus studying 
their chromosomes promises also important future developments in 
determining aberrant cytological conditions in individuals, as well as 
racial differences in the size and gene content of certain chromosomes. 

The approach in this book has been biological rather than purely 
genetical, and when embryological or experimental work of any kind 
with animals throws light on some condition in man it has generally 
been quoted. Genetical work, especially with mammals, has aLso 
been referred to whenever the conditions or the problems were similar, 
but there has been no attempt to make these references complete. 
Green (1938) published a useful comparative summary of morpho- 
logical mutations in rodents, many of which are comparable with those 
in man, and Griineberg (1943) has recently published a comprehensive 
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summary of mouse genetics. The absence of any certain case of a 
sex-linked abnormality in rodents contrasts strongly with the condi- 
tion in man. This is probably because in these animals there is crossing- 
over between the sex chromosomes, a view which is supported by 
Roller’s (1936) observation that in the gray squirrel the X and Y show 
very little difference in size, their terminal pairing segments being 
small and the centromere located at the junction of the pairing and 
differential segments. 

Whenever special problems, such as the formation of melanin or the 
development of the vertebrate eye or the sex organs, have arisen, they 
are dealt with ad hoc and not as part of any generalized scheme for the 
book. In the same way, the inheritance of situs inversus viscerum has 
been dealt with in the chapter on twins, in connection with problems 
of mirror-imaging. A completely scientific classification of the in- 
numerable characters — normal and abnormal — now known in man 
is impossilrle, because of the many cross-relationships and complica- 
tions. For this reason, essentially the same condition may even occa- 
sionally be treated under two different heads; but it is hoped that 
a full index will make it easy to get all the information available on 
any particular topic. 

An increasing number of medical men who have become interested 
in heredity liave made important contributions to the subject. As 
gcnctical knowledge and understanding spreads, their number will no 
doubt be augmented more rapidly. In the making of pedigrees there 
has been great improvement, but some of them are still deplorably 
put together and published. As regards symbols, medical journals 
and writers still frecjiiently adhere to the ancient symbols, o’ 9 , for 
male and female, but one finds from experience that these are more 
difficult to read and more subject to error, especially when printed 
rather small, than the symbols used here. Figure i shows the various 
symbols for pedigree charts which were adopted internationally by the 
Federation of Eugenic Organizations for research in human heredity. 
After having much experience with both, there is no doubt that the 
newer symbols are greatly to be preferred for ease and accuracy in 
reading charts, and it is hoped that the medical profession will adopt 
them to an increasing extent. These symbols are for the most part 
self-explanatory and are all that is required for most occasions. Others 
can be added for special purposes, such as Indicating whether the 
left or the right side of the body is affected. For most purposes not 
all of them are required. 

It is important that all who are concerned with human heredity 
should learn to “read” pedigrees, drawing from them all the informa- 
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tion they contain regarding the manner of inheritance of the gene or 
genes concerned. A pedigree is seldom as clear and conclusive as a 
diagram, unless it is large or the gene shows loo per cent penetrance. 
Especially in short pedigrees alternative interpretations may 
possible, and the real method or methods of inheritance may emerge 
only after comparing several pedigrees of the same condition. 

Medical literature is overburdened with names for diseases. Five 
or six names for one condition are really too many. In such cases a 
couple of the names in most common use or which appear most appro- 
priate have been adopted. It is to be hoped that some internationally 
agreed method of curtailing and controlling disease nomenclature can 
be adopted in the future. One scientific name for each disease or abnor- 
mality, and one name based on the discoverer, should be enough. 

In this book, a list of references is given at the end of each chapter, 
and a list of general works on human heredity after the list of tables in 
the roman numbered introductory pages. When the same paper is 
referred to in different chapters, the reference is usually given only 
once, but not necessarily the first time. The literature on many topics 



A. STANDARD FOR ALL PEDIGREE -CHARTS: 

Q - Male = Non-identical twins 

= Identical twins 


O = Female 

Sex unknown 

Sex unknown, (5?b 
V" number unknown * idei 

5 children, sex unknown 
X = Tested by investigator himself 
* * Tested by other competent person 


Twins uncertain if 
identical or not 


0 = Carrier 

O = Abortive male 

□ = Premature male 

O = Deadborn male 
+ 


JO = Parents 
[b (b cl] = Children 


□ Q = Parents not 
married 

^ U = Dlegitimate child 

I = Died m infancy 

= Points to propositus P Q.Consanguinous 
(probandus) marriage 

Roman figures to the left indicate generations 


Arabic figures locate individuals (thus in.7= the woman in the generation of the propositus who 
married her cousin. 1.9 = the woman in the second ascending generation who married 3 times, 
respectively with 1. 8, 10, 11) 


B. ESPECIALLY DEVISED OR SELECTED FOR THIS PARTICULAR PEDIGREE-CHART: 

^ 0 = Polydactyly H # = Deahnuteness C9 = Deafness Ps = Psychopathic E = Epileptic 
Q © = Strongly curled hair Other symbols may be added as needed. 

Fig. I. Explanation of international pedigree symbols. 



INTRODUCTION 


5 


is so vast that only a selection of references is usually given, including 
key references from which the full literature will be obtainable. Owing 
to war conditions it has not been possible to consult certain papers 
which would otherwise have been available. These are marked in the 
bibliographies with a *. 

The medical journals abound with accounts of single cases or a few 
unrelated ones. Anyone making a survey of these cases for any par- 
ticular disease must needs use the medical reference works, which are 
well indexed. Single cases were formerly supposed to be non-inherited, 
but a fuller understanding of human genetics indicates that many are 
dominant mutations and others are the outcrops of a recessive gene. 
Evidence on the last point can be obtained from records of the fre- 
(ILiency of cousin marriage among the parents, which is therefore an 
important datum. 

Much of the abundant work on twins and the inheritance of twinning 
is brought together in Chap. XXE l)ut frequent reference to inherit- 
ance in twins is scattered throughout the other chapters. For the 
sake of brevity, MZ has been adopted for monozygotic (identical) and 
DZ for dizygotic (fraternal) twins. When the latter are of the same 
sex the symbol DZwS may be used, and DZU when they are of unlike 
sex. 

An understanding of the manifold action of heredity is so important 
for the future of mankind that it is to be hoped this book will aid in 
spreading a knowledge of the subject, not only among medical men, 
anthropologists and geneticists, but among the general public. The 
human races agree with wild species in that defective mutations appear 
in them from time to time and many are carried in the germplasm. 
In wild species, however, natural selection generally prevents the 
multiplication of defective types. The least that man can do for his 
own species is to prevent these defectives from propagating their 
kind — a thing which rarely occurs in nature. 
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Chapter II 


GENERAL PRINCIPLES OF HEREDITY IN MAN 

M any peculiarities of human heredity are considered throughout 
this work in connection with particular abnormalities or condi- 
tions in which they occur, but some of the more general princij)les may 
first be considered here. 

It is now recognized that nearly all heredity Is Mendelian, in the 
sense that genic dififerences are transmitted from generation to genera- 
tion. Genetic research shows that some of the genic dififerences which 
arise In the chromosomes are due to physical changes — deletions — 
the actual loss of a minute fragment of a chromosome. This loss be- 
haves in heredity as a simple Mendelian difiference, present in every 
cell and producing an external (phenotypic) ^ efifect in one or more parts 
of the body. On the other hand, certain dominant mutations in 
Drosophila, such as bar eye, are known to result from duplication of 
a few segments of a chromosome. Other genes appear to be of the 
nature of a chemical change at one locus of a chromosome.^ Thus we 
recognize that mutations which arise in chromosomes arc of funda- 
mentally different kinds (Gates, 1938), but each is inherited as a 
Mendelian unit. The human germplasm contains innumerable 
genes,” some normal and some pathological, presumably resulting 
from such changes in the chromosomes. Some of these genes represent 
racial dififerences which have arisen through isolation in the evolution 
of mankind. Some represent rare pathological conditions and some, 
such as the genes for blue eyes or fair hair, are widespread in certain 
races. 

The principles of Mendelian heredity are thus found to be applica- 
ble everywhere to man. In the absence of experimentation, however, 

1 The term phenotype refers to the external appearance of an organism — the expression 
of its genotype or inherited qualities as a result of interaction with the environment in 
development. 

2 I first pointed out many years ago (Gates, 1915) that “genes” are essentially differences^ 
arising in a chromosome. 


6 



GENEl^L PRINCIPLES OF HEREDITY IN MAN 7 

statistics and twin studies are valuable adjuncts in the analysis of the 
inheritance of any particular condition. Since Mendelian principles 
are now more widely known and are set forth in numerous textbooks, 
a short account of their application to man will suffice. 

In the different races of man, as in related species of animals and 
plants, mutations have happened, not infrequently as parallel muta- 
tions, or similar germinal changes in different lines of descent (see 
Gates, 1920). Many cases of probable mutation in man are cited in 
the present work. The same mutation probably always occurs at the 
same chromosome locus. But the chromosomes themselves undergo 
rearrangements of their genic material through crossing-over between 
different chromosomes and in other ways such as inversions of a por- 
tion of a chromosome and translocations from one chromosome to 
another. For recent discussions of these problems, see Dobzhansky 
(1941), Waddington (1939) and Sturtevant and Beadle (1939). For 
example, Drosophila melanogaster and D, pseudoohscura are known to 
have fifty-four parallel mutations (Sturtevant and Tan, 1937) ; but the 
arrangement of these genes is quite different in the chromosomes of 
the two sp(x:ies, owing to interchanges and reversals in segments of 
chromosomes which have since occurred independently in different 
populations. Evidence has begun to appear that similar rearrange- 
ments have occurred in some of the races of man during their long 
period of isolation. 

In nearly all organisms the chromovsomes are in homologous pairs and 
in every human individual one member of each pair has been derived 
from the father and one from the mother. These chromosomes are 
generally homologous throughout their length, so that they correspond 
gene for gene. But human beings are hybrid for a great many charac- 
ters, so that homologous genes occupying corresponding loci in the 
two chromosomes of a pair frequently differ from each other. They 
will then be inherited as a pair of Mendelian characters and are known 
as alleles,^ one of which represents a mutational change from the 
condition of the other. Any one organism can usually carry only two 
allelic forms for each gene. But some genes can undergo a number of 
different mutational changes. There is some reason to hold, for in- 
stance, that the five types of hair form, straight, wavy, curly, kinky 
and peppercorn, are all different mutations in the same locus of a 
chromosome. If that is so, they are multiple alleles, but only two of 
them can be present in any one individual. We shall encounter many 

^ Alleles which are indistinguishable except by special breeding tests have been called 
iso-alleles (Stern and Schaeffer, 1943). They are probably of wide occurrence in wild 
organisms. 
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probable cases of multiple alleles in human genetics. Any one of them 
can replace any other of the series in heredity. 

Three general types of Mendelian heredity are commonly recog- 
nized, in which the gene may be dominant, recessive or sex-linked. 
In man, unlike many other organisms, the majority of the mutations 
which occur are dominant,^ in the sense that one dose of the gene 
produces a phenotypic (visible) effect. But in most of these cases only 
the heterozygous (one dose) condition is known, because affected 
persons almost invariably marry normals. In some instances, how- 
ever, the homozygous (two dose) condition is known to be more 
extreme, and it may even be lethal in effect. This of course means 
that the single gene is not completely dominant, and this condition 
applies widely in mankind. It also applies to some so-called dominant 
characters in other organisms. 

As a typical example of a dominant character in man, we may take 
a pedigree of optic atrophy in a Chinese family (Fig. 2, see also p. 215). 



Fig. 2. Yo’s Chinese pedigree of optic nerve atrophy. (After Koniai) 


It will be noted that every affected person had an affected parent and 
that roughly half the members of each family (sibship) are affected 
and half normal. In this pedigree there is a considerable excess of 
affected males, which might be significant, and the various sibships 
number ii affected : 19 normal where equality would be expected. 
By simple statistical methods, the probability that this is a significant 
departure from equality can be determined. Single pedigrees, unless 
quite extensive, are often open to doubt on points of this kind and the 
more extensive pedigrees are too bulky to reproduce here. 

It will be understood that half the germ cells of an affected man or 
woman will carry the defect and half will not, since the gene for this 
defect is carried in one member only of a particular pair of chromo- 

* The general slackness of natural selection in civilized man will account for this frequency 
of dominant abnormalities, since abnormal individuals are allowed to reproduce. Sex-linked 
recessive genes are allowed to multiply in the same way. They are seldom found in nature. 
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soines. These separate in the maturation divisions so that every germ 
cell gets the affected f)r the normal member of this pair. In a strictly 
dominant pedigree, in the sense in which the term is used here, about 
half the children of an affected parent will be affected and half normal, 
the condition thus appearing in every generation, and in considerable 
numbers if the families are large. 

To estimate whether the divergence of normal and affected from equality 

('i? — <7 — I 

is significant, the formula ^ L = d may be used, where p and q 

P + q 

are the total numbers of normal and affected respectively in the sibships. 
In the above dominant pedigree of optic atrophy there are ii affected : 19 
unaffected. This gives the value = 1.6. If d is less than 4, the difference is 
not significant. If the ratio were ii : 24, would be 4.1 and significant. 



f'fg- 3- Pedigree of recessive epidermolysis bullosa. (After Jenny) 


By contrast, a recessive pedigree presents a very different appear- 
ance. Figure 3 shows a pedigree of recessive epidermolysis bullosa 
(see also p. 298) . The condition was absent from the ancestors in this 
family for ten generations, then suddenly appeared with three cases 
in two families descended from ancestors in which there had been 
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eight consanguineous marriages (indicated by double lines). Many 
of these ancestors were heterozygous for this gene producing blist(‘rs 
of the skin ; but only when two such persons marry is there a chance of 
the disease appearing, through the production of children who are 
homozygous for the gene, i.e., have received it from both their parents. 
This chance is one in four when both parents are heterozygous, so 
that in large unrestricted families only one-fourth of the children will 
be affected, whereas in a dominant pedigree the number of affected 
siblings (brothers and sisters) is one-half. The three sibs in these two 
families were all affected, probably because the parents restricted 
their families after the disease appeared, perhaps realizing its inherit- 
ance. A recessive gene may thus be transmitted through many 
generations with no visible effect, and then cousin marriages in a 
family which is carrying it may suddenly bring it to the surface. The 
rarer the gene the more likely it is to appear only in the children of 
consanguineous marriages. If an individual is heterozygous for a 
recessive gene, the probability that his first cousin also possesses it is 
one-eighth. A common recessive gene, such as that for blue eyes, of 
course appears frequently in the children of two brown-eyed parents 
who are unrelated, because this gene is very common in most Cauca- 
sian populations. In determining the method of inheritance of a 
particular gene, it is therefore an advantage to know, especially in the 
case of rare genes, whether the parents were related. Those compiling 
pedigrees should pay particular attention to this point. In general, a 
recessive pedigree of any abnormality will contain far fewer affected 
individuals than a dominant pedigree. 

In such conditions as retinitis pigmentosa there may be a number of 
independent recessive genes. Whether they are really different can 
only be determined when members of two different pedigrees inter- 
marry. If the genes are different all the children will be normal, but 
if they are the same all the children will be affected like their parents. 

The third common type of heredity in man is sex-linked recessive. 
This depends upon the fact (see Chap. Ill) that man, like many 
mammals, insects and otner animals, has a pair of sex chromosomes 
which act as a switch in throwing the development of the individual 
into the male or the female line. A man has a large X- and a small 
Y-chromosome, while a woman has two equal X-chromosomes in her 
cells. These, especially the X, have many genes besides those which 
control sex-determination. Half the sperm contain an X and half a Y. 
All the eggs after maturation contain an X. If a Y-sperm fertilizes an 
egg it determines a male with an XY pair, but if an X-sperm enters 
the egg, a female is produced with a pair of X-chromosomes. 
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Color-blindness is inherited as a sex-linked recessive character, i.e., 
it is transmitted by an aflfected man to all his daughters, because it is 
in his X-chromosome. These daughters will be normal, although 
heterozygous, because the gene for color-blindness is recessive and is 
dominated by the corresponding normal gene in their other X chromo- 
some. But half their sons by a normal man will receive an affected X 
from their mother. There is no corresponding gene in the Y, so those 

9 

Parents XX X Y 


Germ cells XX X Y 



Fig. 4 . Diagram to illustrate the inheritance of sex- 
linked characters through the X-chromosome. 
(Modified after Wilson) 


sons are color blind. This unbalanced condition of a gene, in which it 
has no mate, is called hemizygous. Wilson’s (1911) explanation of the 
basis of sex-linked inheritance was one of the most significant dis- 
coveries in the history of genetics. Sex-linked recessive inheritance is 
sometimes called gynephoric (Waardenburg, 1932) since normal women 
are carriers. This term is particularly applicable to some pedigrees 
of hemophilia in which the affected males rarely or never attain an ^e 
for reproduction. Another criterion of sex-linked inheritance, distin- 
guishing it from dominance, is that the inheritance is never directly 
from father to son, because the X-chromosome passes always to the 
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daughters, while the son gets his X from his mother. Still another is 
that, if there is intermarriage, affected (homozygous) females may 
occur, but as recessiveness is frequently incomplete, heterozygous 
females are sometimes also affected. 

From Fig. 4 it will be seen why this law of sex-linked inheritance 
holds. The underlined X is carrying any recessive sex-linked character 
such as color-blindness or hemophilia. This X is transmitted from 
the male of one generation to the female of the next, where the gene 
is recessive. In line five of the die^ram she transmits it to half her 
sons (who are color blind because in them the gene has no mate) and 
half her daughters, who are carriers but normal, like herself. The last 
two lines of this diagram illustrate the rarer condition in which a 
carrier for color-blindness marries a man who is color blind. It will 
be seen that half the daughters in this case will be color blind because 
they are homozygous for the condition, and the other half will be 
normal but carriers. Half the sons will lie normal and half color blind. 
The ratio of these four types is thus J ^ . 1 d' : if : 1 9 . The sex 
chromosomes thus, as Wilson (1911) first pointed out, offer a complete 
explanation of this complicated type of heredity, for which there was 
previously no explanation at all. Usually the condition will appear 
only in the males of alternate generations, but daughters homozygous 
for color-blindness will transmit it to all their sons, and all their 
daughters will be carriers. 

I 

II 

III 

IV 

IV 

V 

5* Pedigree of recessive sex-linked ichthyosis vulgaris. 

Figure 5 shows a typical recessive sex-linked pedigree of ichthyosis 
vulgaris. The four daughters of the man in generation I were carriers 
l)ecau^ they received his (affected) X-chromosome. In generations III 
and IV there were nine affected to six normal sons, where equality is 
expected. The mother of generation V was a carrier and the father 
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was affected as well, so the children were i •r’ : ac? : 2f : i 9 where 
a ratio of l : i : i ; i is expected. 

Reference may now be made to other types of heredity, some of 
them related to those already considered. There are rare genes for 
abnormalities carried in the Y-chro- 
mosome. A number of them are re- 
corded in this book. Figure 6 is such 
a pedigree of male-sex-linked hyper- 
trichosis of the ears, with eleven cases, 
all males, in five generations. The 
Y-chromosome is the only vehicle 
which can account for this transmis- 
sion only from father to son, never 
entering the female line at all. The 
transmission is also known as holan- 
dric and the condition is hemizygous, 
because the gene in the Y-chromo- 
some has no mate. Typically in such 
a family every son will be affected, because he gets an affected 
Y-chromosome. The male twins in the fifth generation of this pedigree 
were too young to show the condition. Cases will be mentioned later, 
in which crossing-over from the Y- to the X-chromosome led to trans- 
mission of such a condition by a female. 

As regards crossing-over, which is a widespread phenomenon in plant 
and animal genetics, one may say that it consists essentially in a pair 
of chromosomes in meiosis (reduction division) which are closely 
twisted about each other undergoing a break and exchange of segments 
at certain points. As a result, genes are transferred in large blocks 
from one chromosome to its mate, or even in rare cases to a chromo- 
some of another pair (translocation). For a critical summary of prob- 
lems of crossing-over see Mather (1938). Figure 7 illustrates another 
case of inheritance apparently in the Y-chromosome. Fusion of the 
radius and ulna in both arms (see p. 14) began with II. 2, presumably 
as a mutation in the Y-chromosome, his father and brother being 
normal. His eleven male descendants all have the condition, except 
in one family of the fourth generation. This family has two affected 
sons, one normal son and an affected daughter. This sibship can be 
explained on the assumption of crossing-over from Y to X in the two 
germ cells of the father (III. 8) which produced his affected daughter 
and normal son. The condition must also be dominant, since the 
daughter will have a normal as well as an affected X. Other cases will 
be discussed in later chapters, in which a gene in the Y-chromosome 
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Fig. 6. Pedigree of male-sex-linked 
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generally remains there but occasionally crosses-over to the X. Such 
a gene is not hemizygous, since it presumably has a mate (allele) in the 
X-chromosome, unless perchance the crossing-over is unequal. It 
appears that most of the genes in the Y, but apparently not all of them, 
are capable of crossing-over to the X. Haldane (1936) suggests that 
genes in the Y-chromosome may have been translocated from auto- 
somes, but it seems more likely that the Y, in its earlier evolution, was 
emptied of many of its original genes. 



Fig. 7. Pedigree of bilateral radio-ulnar synostosis, probably in Y-chromosome 
with rare crossing-over to X. (After Davenport, Taylor and Nelson) 


Many human genes are strictly dominant, one parent of an affected 
child always being affected. This was the case with the Chinese pedi- 
gree of optic atrophy in Fig. 2. But in other pedigrees of optic atrophy, 
such as Fig. 8, the same condition is an irregular or conditional domi- 
nant, i.e., certain individuals may transmit the condition without 
themselves showing it. Figure 8 has two such cases in which a normal 
mother with an affected sister transmitted the condition without 
exhibiting it herself. Although both their parents were normal, one 
of these parents also must have been a transmitter of the condition. 
The conception of conditional dominance was introduced by Levit 
(193b), who emphasized the frequency of dominant abnormalities in 
man. He and his colleagues concluded that the following are condi- 
tioned dominants: Basedow’s disease, ulcus ventriculi, leukemia, 
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eunuchoidism, bronchial asthma, goitre, paroxysmal tachycardia and 
probably pernicious anaemia and hypertonus, i.e., they occasionally 
skip a generation. From a survey of general works on human diseases, 
Levit found 38 conditional dominants, 14 recessive and 3 which he 
classed as intermediate. Similarly Cockayne (1933), in a compre- 
hensive work on the inheritance of skin abnormalities and diseases, 
found 80 dominant, less than 20 recessive, 9 in the X-chromosome 
(7 recessive and 2 dominant or intermediate) and 4 in the Y. 



Fig. 8. Irregular dominant pedigree of optic nerve atrophy. 


Many cases are now known in which the same abnormality is 
strictly dominant in some pedigrees and sometimes skips a generation 
in others. Several explanations of this phenomenon of skipping a 
generation have been offered. It is now known as lack of penetrance, 
which has become a very important principle in human genetics. 
Penetrance is an all-or-none reaction. The gene is present in the 
germ plasm, as shown by its transmission to the next generation, but 
for some reason it has completely faikxl to express itself in the soma. 
The “battle of the genes” results in its defeat at an early stage of 
development. The term normal overlaps has been used for this condi- 
tion, particularly in animal experiments and especially where the gene- 
expression shows a series of stages between fully affected and normal. 
In some cases the difference between strict and conditional dominance 
seems to lie in a difference of strength in the gene itself. In other 
pedigrees it seems that out-crossing brings in new genes which affect 
the dominance, changing it from a regular to an irregular dominant. 
Generally, however, a dominant pedigree appears to be persistently 
of one type or the other, and the percentage of penetrance is charac- 
teristic of the particular gene. For instance, the blood groups always 
show too per cent penetrance, in diabetes mellitus the penetrance is 
ca. 10 per cent and in leukemia a fraction of i per cent. 

Related to penetrance is expressivity, which means the degree to 
which a particular gene expresses itself. Many genes are quite uniform 
in expression in all the affected members of a pedigree, but many others 
are highly variable. Polydactyly is quite uniform in some pedigrees, 
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but in others the extra finger shows all stages of reduction until it is 
no bigger than a wart in the position where the extra finger should be. 
This variability is especially true of the hereditary syndromes, a medical 
term for a condition which expresses itself in apparently unrelated effects 
on several different organs of the body (see Chap. XVIII). ETequently 
one, two or more of these effects fail to appear in some individuals. 
One may show A, B and C, another A and C, a third B and C, a fourth 
only B and a fifth only A. These partial expressions are known as 
formes fr us tes. If a single gene is concerned, the syndrome is an extreme 
example of variable expressivity. Many of the inherited abnormalities 
with a physiological basis also show wide variation in expressivity. 

A gene which has different effects on different organs of the body 
is said to be pleiotropic. The condition of multiple effects is called 
pleiotropy or polyphany. The genes for some of the inherited syn- 
dromes produce a variety of multiple effects. For instance, in Eddowes’ 
syndrome the sclerotic coat of the eye is blue instead of white, the 
bones are so brittle that they easily fracture and otosclerosis (producing 
deafness) is frequently present. These are all concerned with meso- 
dermal structures, but sometimes even derivatives of different germ 
layers are affected in a single syndrome which appears to be monogenic. 

Another peculiarity of human genetics which was formerly empha- 
sized (Gates, 1929) is that the same abnormal character may be 
dominant in one pedigree, recessive in another and sex-linked in a 
third. This triple method of inheritance is now known for many 
human abnormalities, but it seldom occurs in other organisms.^ Why 
this should be so is not clear. These different forms of inheritance are 

® Castle showed that in rabbits dominant English spotting is closely linked (not allelic) 
to recessive Dutch spotting. In mice, Keeler (1931) found that dominant and recessive 
spotting are separate genes not linked. Fortuyn (1939) obtained a mutation with dominant 
spotting from a strain of mice which was heterozygous for recessive spotting. Dominant and 
recessive piebald patterns are found in horses. A few cases of similar dominant and recessive 
phenotyp)es occur in the experimental genetics of Drosophila. In sheep there are both 
dominant and recessive genes for black. In Drosophila, bent wing and cubitus interruptus 
(ci) are both dominant and recessive. These dominants are both lethal in the homozygous 
condition. In man, such conditions are generally known only as heterozygotes, but there is 
evidence that telangiectasis and brachyphalangy are dominant homozygous lethals and 
the same is probably true of many other “dominant” abnormalities. Dubinin found that 
cubitus interruptus in chromosome IV of Drosophila changes from recessive to dominant 
in the presence of any translocation between chromosome IV and the Y. Recessive vestigial 
also may become more or less dominant in the presence of various deficiencies, inversions 
and translocations (Goldschmidt and Gardner). These are generally regarded as position 
effects (see below). Stern (1943) has shown that with one, two or three doses of the ci gene 
the phenotype becomes cumulatively more like the normal. If one ci is present with the 
normal allele its action may become antagonistic rather than cumulative, the recessive con- 
dition thus changing to dominant. An explanation is suggested, based on different relative 
amounts of substrate on which the gene acts. Stern and Schaeffer (1943a) tentatively make 
a further analysis of gene action, based on their combining power with the substrate and 
their relative efficiency. 
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found, for instance, in Leber’s optic atrophy, night blindness and 
cataract, to take three cases from the eye. They are all contemporary, 
and there is no evidence that one form of heredity is being transformed 
into another. For one condition the dominant pedigrees may be most 
numerous, for another the recessive or sex-linked pedigrees may be 
most frequent. Certain characteristic differences sometimes occur 
between the genes for the same abnormality when they exhibit these 
three different methods of inheritance. Of course it is clear that in a 
sex-linked pedigree the gene is located in the X-chromosome. If the 
same gene is an ordinary dominant or recessive it must be located in an 
autosome (ordinary chromosome). The dominant and recessive forms 
of an abnormality are very rarely found in the same pedigree, so it is 
not known whether they are alleles, i.e., different mutations in the 
same chromosome locus, but on general grounds it seems probable 
that they frequently are. The dominant and recessive forms of spastic 
paraplegia, however, arc not allelic (p. 1023) since the latter shows 
partial sex-linkage while the former does not. In the rumpless fowls of 
Dunn and Landaucr (1936), dominance was gradually changed to 
recessiveness by crossings with normal — apparently through the 
accumulation of modifiers. 

It is possible that the dominant or recessive gene may sometimes 
become sex-linked by simple translocation to the X-chromosome, and 
there is some evidence that the reverse translocation, from the X to 
an autosome, may (rarely) occur; certain possible cases are cited in 
later chapters, and Burks (1937) refers to an indication of the trans> 
location of the gene for color-blindness from the X to an autosome. 
Considering the relative rarity of all such translocations and the 
frequency of sex-linked abnormalities, it seems more likely that these 
arise as mutations in the X-chromosome itself. This hypothesis, 
however, leaves the difficulty that the same gene arises in different 
chromosomes, where the substratum would be expected to be different. 
We have already pointed out that some recessive genes are known to 
be deletions and some dominant genes duplications of a small segment 
of a chromosome. Whether this principle will apply to the dominant 
and recessive allelic or pseudo-allelic genes in man is unknown.® 

® In New Zealand Romney sheep a birthcoat having abundant “halo-hairs” is designated 
as the N-type. Dry (1944) has shown that N is inherited as a simple dominant in two in- 
dependent stocks, a simple recessive in a third stock derived from one of them; and selection 
has produced a type in which N is multifactorial. The horns of these three strains have 
corresponding relationships. Dry suggests the three hereditary forms of N are in a sense 
allelic, the dominant form representing duplication of a gene, the derived recessive form the 
loss of the duplicate gene (i.e., reversion to a single gene, perhaps through unequal crossing- 
over), multifactorial N representing another derived genic condition. This hypothesis may 
apply to the many cases of dominant and recessive genes for the same condition in man. 
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We know but little regarding the origin and evolution of chromosomes 
in lower organisms, but since in some of the primitive blue-green Algae 
(Cyanophyceae) the chromosomes divide transversely, although in higher 
members they divide longitudinally, we have suggested (Gates, 1932) that 
the axis of each chromosome throughout its length was originally uniform 
(but different from the other chromosomes), the latter becoming differen- 
tiated by mutations in segments of a chromosome. Such differentiations 
would '‘necessitate” longitudinal division, to maintain stability. The re- 
sultant “genes” would in this way ultimately reach the minimum size, i.e., 
the length of a protein molecule, as appears to be the case in all the more 
highly evolved organisms, from insects to man. 

It has proven to be a general rule, though not without exceptions, 
that the recessive form of a disease or abnormality is the most virulent 
or extreme, the dominant form the mildest, and the sex-linked form 
intermediate. The greater virulence of the recessive condition is fre- 
quently expressed by earlier onset, as indicated by Bell and by Levit 
in certain cases. The explanation, as William Allan (1937) points out, 
lies in the fact that in the dominant form the affected individual is 
heterozygous, the defective gene being matched with a normal allele, 
whereas in the sex-linked form the gene is generally hemizygous, having 
no corresponding gene in the Y to partly neutralize its effect. In the 
recessive form, the gene is intrinsically weaker than in the dominant 
form, since in the heterozygous condition it produces no effect. Never- 
theless, the presence of two genes reinforcing each other in the nucleus, 
with no normal neutralizing gene, produces a stronger effect than a 
single slightly stronger gene balanced against a normal in the dominant 
heterozygote. These relationships can thus be largely rationalized 
on the basis that the dominant and the sex-linked form are the same 
gene in different loci, whereas the recessive gene, probably in the same 
locus as the dominant, is somewhat weaker in its effect when single, 
so that it fails to reach expression — it lacks penetrance except in the 
homozygous state. This makes it useful to introduce the conception of 
a threshold for penetrance in each type of gene in a certain gene milieu 
or genotype. This conception is of general application in genetics. 

There remains a difficulty, however, with the sex-linked gene. If it 
were simply the dominant gene translocated, then heterozygous 
females should show the condition, whereas they are generally normal, 
although, as this book will show, variable dominance in the female is 
characteristic, not only of color-blindness and hemophilia but of other 
sex-linked characters as well. There is, however, another principle of 
genetics known as the position effect. In a few cases both in animals 
and plants it has been shown that the effect of a gene is altered when 
it is translocated to a new chromosome with different genes as neigh- 
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lx)urs,^ although when transferred back to its original position the 
gene itself is unchanged. It is therefore possible that the dominant 
gene when transferred to the X-chromosome might show a change in 
strength, which is equivalent to a change in dominance. However, 
this explanation is purely hypothetical at present. Some evidence 
will be adduced later for the view that genes which can be thus trans- 
ferred between the X and an autosome are near the end of the X, in 
which position they might gain in strength through having neighbours 
on only one side. 

On this basis it might be supposed that the recessive gene could 
also be translocated to the X, in which case there should be two kinds 
of sex-linked genes for a given character, one stronger than the other. 
At present there is no clear evidence of this, although some forms of 
hemophilia are much more severe than others (see Chap. XIV), and 
genes essentially similar to that for hemophilia may be either dominant 
or recessive in inheritance. As the chromosomes are all highly differ- 
entiated, it would appear probable that the dominant, recessive and 
sex-linked forms of a particular abnormality all arise originally from 
the same locus. On the other hand, many very similar mutations in 
Drosophila arise from quite different loci. Bunak has proposed the 
useful term isophenic for genes which have similar phenotypic effects. 
The term heterochromatin refers to the more deeply staining portions 
of chromosomes, which appear to carry proteins of less complex type. 
These portions have frequently been regarded as inert (i.e., containing 
no genes) or even degenerate. The supernumerary chromosomes of 
maize and sorghum (in addition to the ordinary diploid set) also stain 
deeply and have no marked effect on the plant, even when several are 
present. The Y-chromosome in animals also appears generally to 
have very few genes. 

On the basis of facts such as these, and an analysis of the relation 
of the Y-chromosome in different stocks of Drosophila melanogaster to 
the quantitative inheritance of the stemopleural chaetae, Mather 
(1944) presents the view that while the euchromatin is concerned with 
the major genes of ordinary Mendelian type, the heterochromatin 
regularly carries the polygenes, i.e., multiple quantitative genes which 
are cumulative in effect. The genes in the Y-chromosome would then 
be mainly polygenes, crossing-over with similar genes in the X. These 
quantitative genes, many of them scattered through smaller hetero- 
chromatlc areas of the autosomes, would thus serve to maintain a 

^ Recent work indicates that the position effect may be in relation to the adjacent hetero- 
chromatin. Some jxisition effects may result from gene competition (see Stern and Heiden- 
thal 1944). 
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more delicate balance of the species than is possible with the major 
genes alone. On this view the qualitative and quantitative types ol 
gene are complementary in effect and “embedded’' in different kinds 
of chromatin. It remains for the future to disclose how widely this 
interesting hypothesis will hold in organisms. 

By way of contrast, Pontecorvo (1943) suggests that heterochroma- 
tin results from the grouping of similar genes, the euchromatin from 
intermingling of dissimilar genes. He believes that the X- and Y-chro- 
mosomes in mammals differ from each other and from the autosomes 
in their nucleic acid cycle. He suggests that the evolution of the X 
and Y in mammals consists in progressive specialization, the differen- 
tial segment of the X coming to carry mainly female-determining 
genes, the pairing segments of X and Y carrying male-determining genes. 
This would explain the rarity of sex-linkage in mammals, but in man 
many sex-linked abnormalities are now known. Morrill (1945) records 
that in a herd of Hereford cattle in Utah an extra toe on each forefoot 
is inherited as a simple sex-linked recessive. 



Fig. g. Dominant sex-linked pedigree of faulty enamel. (After Bampton) 

Leber’s optic atrophy occurs in the triad of dominant, recessive 
and recessive sex-linked forms (see p. 215), but many of the pedigrees 
of this disease show exceptions to any of these types of inheritance. 
In some quite extensive pedigrees of optic atrophy and some other 
conditions it is practically impossible to determine whether the con- 
dition is dominant or sex-linked. Nystagmus also shows the triad of 
types of heredity. Figure 8 (p. 15) is the pedigree of an irregular 
dominant family. Dominant sex-linked genes are rare and one of the 
few is given in Fig. 9, Bampton’s (1914) pedigree of faulty enamel 
and dental discoloration. It will be seen that all the daughters and 
none of the sons of an affected father (HI. i) are affected. This 
is because the daughters all receive the father’s X containing the 
dominant gene, while all the sons receive his Y instead. Heterozygous 
mothers (IV. 3, 4) transmit to half their sons and half their daughters. 
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Usually in this type of pedigree the dominance is incomplete or variable 
in the female sex. 

In a dominant sex-linked pedigree all the daughters of an affected father 
will be affected since they receive his X-chromosome, but he will never hav^e 
an affected son. This is the only difference of such a pedigree from an ordi- 
nary autosomal dominant. But if crossing over from X to Y occurs even 
rarely, then this difference breaks down. 

In another pedigree of Hemmes (Fig. lo, p. 22) the manner of in- 
heritance differs in the descendants of two brothers. On the left the 
transmission is that of a dominant with ii cases ( 6 d^ 59) in three 
generations and only two skips. On the right this gene is transmitted 
as an ordinary sex-linked recessive, except that one woman is affected. 
It seems necessary to assume here that the gene had been translocated 
from an autosome to the X in one germ cell of the father of 1 . 2 . If 
this is so, it helps to confirm my hypothesis of the relation between 
the dominant and sex-linked forms of inheritance, the latter arising 
from the former through translocation. 

Piinnett (1933) offers another explanation, which probably applies 
to a number of cases, although not to the one above. He points out 
that numerous eye abnormalities, such as megalocornea, night-blind- 
ness, microphthalmia, zonular cataract, macular degeneration, and 
myopia, which are dominant in some pedigrees and sex-linked in 
others, also show exceptions to either rule in some families. For 
example. Fig. ii is another pedigree of nystagmus, which Waardenburg 
regards as an irregular dominant. There are 19 cases (13c?’ 69) in 
four generations, but in sibships the normals number 56 : 19 affected. 
Normal females are frequently transmitters, and Punnett regards this 
as a sex-linked recessive pedigree in which an inhibitor for normal is 
also present in an autosome. In the presence of this inhibitor the 
recessive character would appear dominant, and this would account 
for the six affected females. This hypothesis is based on the analogy 
of dominant white color in poultry, which is due to an inhibiting 
factor. The whole pedigree shows 13 : 25 cf : 6 f : 31 9 . 

Using Punnett’s symbols, we have 

NORMAI. Cf X CONDUCTOR 9 

®oDd OOl D giving offspring 

AaXY XX 

c/ooDd 900DD 

o*®oD D 9 ®oD D 

•"ool D 9 ool D 

•^"©010 f®olD 
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A is a gene in an autosome which, in effect, changes the gene in X 
from recessive to dominant by suppressing the normal. Thus from 
a cross between a normal man carrying the inhibitor, and a woman 
who is heterozygous for (recessive) nystagmus but normal, 50 per 
cent of the sons and 25 per cent of the daughters will be affected and 
another 25 per cent of the daughters will be carriers. Applying these 
symbols to I. 4, 5 and their eight children in Fig. ii, we have 

oolD X o®Dd 

r I I I * 1 1 1 1 

oolD cxdIQ ooId ooID ooID o®IQ o®Id ooDq 

i.e., 2 i?’ : I cf : I t : 4 9 where the expectation is 2 ^ : 2 d' : i t:39, 
and similarly for the rest of the pedigree. 

If ( + ) represents the inhibitor, there will be sixteen possible matings, 
with results as in Table i. 


TABLE 1 

VARIOUS RESULTS OF A SEX-LINKED RECESSIVE GENE COMBINED WITH 
AN AUTOSOMAL INHIBITOR 
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In the table, matings 13-16, the mother is affected. In ordinary 
recessive sex-linkage affected females are homozygous and all their 
sons will be affected. But when the affected condition is produced by 
an inhibitor for the normal gene, only half the sons will be affected. 
Thus normal sons can be produced by affected mothers. 

On this interpretation, three women in Fig. ii married men hetero- 
zygous for the inhibitor, which implies a relatively high frequency for 
the inhibitor. 
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Punnett also points out that if the gene for such a condition as 
night-blindness is near the end of the X-chromosomc, it might become 
detached therefrom and attached to the end of an autosome carrying 
the inhibiting factor. The defect would then behave as a simple 
dominant, since the inhibitor for normal is in the same chromosome. 
The symbols would be, f = 0(i)DD. •r=0(l)DD- there was 
crossing-over, a chromosome might be formed which contained the 
defect without the inhibitor. Such apparent normals carrying the 
inhibitor would produce some defective individuals with power to 
transmit to some of their children. If translocation can take place 
from an autosome to the X, of which we have already had some evi- 
dence, it is equally probable that it can occur in the opposite direction, 
and Punnett's hypothesis is applicable to a number of pedigrees. 

It is evident, however, that all sex-linked genes cannot be near the 
end of the X, so that some sex-linked anomalies should be known only 
in sex-linked and not in dominant or recessive form. This is true of 
color-blindness and hemophilia, in both of which large numbers of 
extensive pedigrees have been published. Only one pedigree of a weak 
form of bleeding shows autosomal inheritance (see Chap. XIV). 

Pedigrees of dominant sex-linked characters, such as those which 
have already been referred to, are rare, and the dominance appears 
always to be irregular. Sex-linked characters are nearly always reces- 
sive, and, as already mentioned, the dominance is variable in the 
female. Why the majority of autosomal genes should be dominant 
while most sex-linked characters are essentially recessive is not clear. 
On the translocation hypothesis we should expect the recessive genes 
to be the ones which have been most frequently translocated to the X. 
But as the difference between dominant and recessive must now be 
recognized as purely relative, these comparisons have no very stable 
basis. 

In the case of so-called sex-linked recessives, it can now be recognized that 
the recessiveness in the female is often incomplete, so that the line between 
dominant sex-linked and recessive sex-linked pedigrees is by no means 
sharply marked. 

We have already seen that a character may be strictly dominant 
in some pedigrees, but show irregular dominance in others. This lack 
of penetrance moreover occurs in many degrees, so that a dominant 
pedigree with a low degree of penetrance may be difficult to distinguish 
from a recessive pedigree. Even some strictly recessive genes may 
show only 70 per cent of penetrance in the homozygous state. Thus 
we see that in human genetics the old sharp distinction between 
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dominant and recessive completely breaks down and we have instead 
a sliding scale, from strict dominance with never a skip at one 
end, to recessive characters showing incomplete penetrance at the 
other. Many genes for abnormalities also show great variation in 
expressivity. 

Besides the many cases of irregular or conditional dominance — 
frequently conditioned by the presence of other genes or inhibitors or 
by the genome as a whole — there is also reversed dominance. The 
boy of five with curly hair sometimes develops into a man of twenty- 
one with straight hair. Less frequently the reverse change takes place. 
Every character in fact represents a moving equilibrium from birth 
to senility and to be fully understood must be studied in all its chang- 
ing relations throughout life. Children resemble one parent more at 
one stage of development and shift toward the other in various features 
at a later stage, as the tides of heredity ebb and flow. 

Lack of penetrance in a dominant character leads to its appearance 
among siblings in less than a i : i ratio. This has sometimes led to the 
assumption that two or more independent genes were involved in pro- 
ducing the character. Since reduced penetrance alone, or the presence 
of an inhibitor, will widen the ratio of normal to affected, even a 15 : I 
ratio is not by itself sufficient evidence for postulating two genes instead 
of one, except as a possibility. There may be a few cases in which a 
dominant and a sex-linked gene co-operate in producing an abnormal- 
ity, such as goitre, but strict polymery of two dominant or recessive 
genes has hardly been proven in connection with any human abnormal- 
ity or disease. On the other hand, polymeric factors are well recognized 
for such racial features as skin color and probably they apply to head 
shape and nasal index, but apparently not to hair shape. The term 
polygenic is generally preferable to polymeric, as the latter implies that 
the genes or factors are alleles while the former does not. In numerous 
abnormalities to be considered in later chapters the sexes are unequally 
affected, the penetrance of the gene being more reduced in one sex than 
the other, as in the Laurence-Moon-Biedl syndrome. In many pedi- 
grees the frequency of affected males is greater than of affected females; 
When the difference is very marked, it becomes a question whether it is 
due to difference in penetrance or to the presence of a sex-linked factor, 
as in goitre, in which the female is more affected. 

Many inherited defects occur with greater frequency in one sex than 
in the other. Bell (1940) gives a list of diseases in which more males 
than females are affected, and another in which there is an excess of 
affected females, the ratio of male sex-incidence being given in each 
case. These lists are produced in Table 2. 
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TABLE 2 


Excess of Males Affected 
Hernia (inguinal) 

Cancer of tongue, mouth, lip 
Duodenal ulcer 
Derangement of knee-joint 
Cancer of the thorax 
Cancer of the oesophagus 
Congenital pyloric stenosis 
Papilloma of the bladder 
Peptic ulcer 
Cancer of the bladder 
Talipes 

Menitire’s disease 
Gastric ulcer 

Papilloma of larynx or tongue 
Cancer of the stomach 
Cancer of the rectum 
Asthma (under 15 years) 
Deviation of nasal septum 
Pneumonia, broncho-pneumonia 
Renal calculi 
Rodent ulcer 
Salivary calculi 
Phthisis 

Hirschsprung’s disease 


Excess of Females Affected 
Adenoma of thyroid, goitre 
Thyrotoxicosis 
Congenital dislocation of hip 
Gall-stones 
Cervical ribs 
Choleocystitis 
Rheumatoid arthritis 
Sydenham’s chorea 
Exostoses 
Femoral hernia 
Lipomata 
Mitral stenosis 
Migraine 
Splenic anaemia 

Diabetes mellitus (over 29 years) 
Trigeminal neuralgia 
Diabetes mellitus (all ages) 
Hyperpiesis 
Rheumatic carditis 
Tubercular adenitis or abscess 
Myasthenia gravis 
Diverticulosis 
Rheumatism 
Tubercular spondylitis 
Disseminated sclerosis 
Enuresis 


The percentage of affected males in the left-hand column ranges from 
86.47 (hernia) to 56 (Hirschsprung's disease), that in the right-hand 
column from 11.46 (goitre) to 44.91 (enuresis). Some of these diver- 
gencies are related to anatomical, endocrine or ^^environmentar' differ- 
ences in the sexes. In other cases the reason for the difference is not 
clear. The sexes arc found to be about equally affected in the following : 
syringomyelia, bronchitis, cancer of the colon, harelip and cleft palate, 
diabetes mellitus (under thirty years), sinusitis, paralysis agitans, otitis 
media, arthritis, umbilical hernia (under fifteen years), bronchiectasis, 
pernicious anaemia, congenital heart disease. 

From the cases already cited, we have seen that sex-linkage takes 
various forms. The gene may be dominant or recessive. It may be 

(1) in a part of the X which is non-homologous with any part of the Y, 

(2) in a part of the X which is homologous with a portion of the Y, in 
which case it is partially sex-linked, (3) in the non-homologous portion 
of the Y, producing holandric or male-to-male inheritance. These 
conditions will be further discussed in Chap. IV. Snyder (1942) has 
discussed them, with numerous examples from human heredity. 

Sex-limited inheritance, as in the well-known instance of horns in 
sheep, which are confined to the males in certain breeds, is an extreme 
difference of penetrance in which horns are present in all males and 
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absent from all females. This may also be regarded as a difference in 
dominance, horns being dominant in the male and recessive in the 
female. Ibsen and Cox (1940) show that in some breeds of sheep which 
produce scurs the situation is complicated by modifiers. Warwick and 
Dunkle (1939) show by crosses of Dorset and Rambouillet sheep that 
there are three alleles, H, H* and h, for horn, H being the hornless con- 
dition. Blunn (1943) shows that some Navajo rams have four horns 
and some ewes none. 

No human racial character is known to be sex-linked, but there is 
some evidence for a sex-linked factor which makes brown eyes more fre- 
quent in women than men. Apparently the only sex-limited ^ character 
known in man is baldness. It has been shown (see p. 340) that baldness 
is due to an autosomal gene which is dominant in men but recessive 
in women, so the latter only become bald as a rule when they are homo- 
zygous for the gene. Figure 12 is a pedigree showing this form of 
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Fig. 12. Pedigree showing inheritance of baldness. 


T=Thin hair 


inheritance. It includes three women who were homozygous and bald, 
three others who were heterozygous having thin hair. A daughter may 
be expected to transmit baldness from her father to half her sons. 

Federley described a case in Lepidoptera of the genus Pygaera, in which 
malignant tumors appear in the mtile larvae (which are XX in sex-chromo- 
some constitution, the females being XY) and are confined to the male sex. 
The explanation given for this (see p. 1187) is that the Y-chromosome of the 
females contains a gene which stimulates the triploid polar nucleus of the 
egg to divide and form tumors. 

Another rare form of inheritance is that in which the character is 
transmitted only from mother to daughter in the female line. This is 
hology?iic inheritance. Such a pedigree of color-blindness was published 
by Cunier in 1839 (see p. 142) and is shown in Fig. 13. L. V. Morgan 
(1922) discovered this type of inheritance in Drosophila and showed 
that it was due to the attachment of the two X-chromosomes in the 
females. Since then, seven strains with attached XX's have been 


* Better called sex-influenced. 
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reported (Morgan, 1938). Four arose from sperm carrying attached 
XX’s, two of these males being father and son. Mrs. Morgan shows 
that in at least one strain the attached XX’s arose by two steps of 
crossing-over between the X and Y in males, the two arms of the Y 



Fig. ij. Hologynic inheritance of color-blindness. 


being thus replaced by X's. Twelve females were found to have re- 
ceived separate XX from the male, and about 0.2 per cent of the sperm 
are known to carry XX. Only two in fourteen cases showed XX (at- 
tached X's). As explained on p. 143, some of the offspring in such strains 
are XX Y. The '‘dominance'' of the color-blindness in the women of 
Cunier's family would be explained by the presence of two attached 
X-chromosomes, each carrying the gene for color-blindness, so these 
women would be homozygous for it. It is highly probable that XXY 
females occur in man, and they could be discovered through hologynic 
inheritance of some sex-linked character. 

It is probable (see Chap. Ill) that triploid and tetraploid human beings' 
will some day be found, although they are certain to be rare and they will 
not necessarily be of larger than normal size. They might be discovered 
through peculiarities in their genetic behavior. Triploid organisms are 
generally sterile. 

It was formerly supposed that any human pedigree could easily be 
recognized as showing dominant, recessive or sex-linked inheritance, 
but the recognition of lack of penetrance blurs the sharp distinctions 
between these categories. In many short pedigrees in this and later 
chapters the type of inheritance can only be stated with more or less 
probability and not with absolute certainty. Levit (1936) treats as 
sex-linked only pedigrees in which at least nine sons of affected fathers 
were normal. This is based on the fact that if the gene is autosomal the 
chance of such a result would be ^ or 0.00195, which corresponds 
approximately with 3 a, which is accepted as statistically significant. 
This, however, is not an adequate measure of such a pedigree, because 
the larger the number of affected males (with or without children) 
the higher the probability of sex-linkage. In practice, many pedigrees 
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will be recognized as sex-linked recessive when no single case of an 
affected (homozygous) female has occurred. With rare sex-linked 
genes, affected females are only likely to arise after intermarriage of 
relatives. 

When an anomaly is more frequent in one sex, this has often been 
ascribed to sex-linkage, but it may also be due to a higher degree of 
penetrance of the gene in one sex. Fisher devised a statistical method 
of testing this situation, and Csik and Mather (1938) applied it to 
Sjogren’s data on oligophrenia, Macklin’s on the Laurence-Moon-Biedl 
syndrome, Sanders’ on harelip and cleft palate® and Zieve, Adkinson 
and Balyeat on allergy. If sex-linkage is the cause of the excess of 
affected boys, then the excess should be confined to the sibs of affected 
boys and fail to appear among the sibs of affected girls. The method 
was applied also to albinism, which is somewhat more frequent in males, 
but the kind of excess which should result from sex-linkage failed to 
appear, showing that it is an autosomal recessive, as generally recog- 
nized. Applied to Bell’s 368 families with color-blindness, among the 
sibs of affected boys there were 907 affected boys : 98 affected girls 
(9.3 ; l), whereas among sibs of affected girls there were 97 affected 
boys : 124 affected girls, thus amply confirming the sex-linked character 
of color-blindness. By the same method, none of the four conditions 
mentioned above showed evidence of sex-linkage. In the case of allergy 
the result was not clear, as there was an excess of affected girls in two 
sets of data and of affected boys in the third set. In the case of the 
Laurence-Moon-Biedl syndrome the cT and 9 sibs of affected boys 
show equal frequency, but the brothers of affected girls show the char- 
acter with twice the frequency of their sisters. Harelip, on the other 
hand, showed an excess of affected among brothers as compared with 
sisters of both affected sexes. There are many other cases to which 
this method could be applied. 

The distribution of sex-linked genes in a population can be deter- 
mined. If A is the normal and a the recessive sex-linked gene, then the 
frequency is pA : qa. in males, and p^AA : 2 pqAa. : g®aa in females. If 
the proportion of affected females is greater than g®, then the gene shows 
partial dominance in the female, if less than g® there is incomplete 
penetrance in the female. It will be seen also that the proportion of 
cf to 9 bearers of the trait will be g : g^, but this might be affected by 
differential viability. 

We have thus far been dealing with definite genes for particular con- 
ditions, but this does not exhaust the possibilities of inheritance. 

’ On the other hand, Bell (1940) found the sexes equally affected with harelip and cleft 
palate, 114::^ : i ro 9 . 
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There are some conditions in which it appears that the inheritance is 
not a definite gene but the tendency to produce a particular condition. 
For example, Wright (see also Chap. XXVIII) found a strain of guinea 
pigs in which otocephaly appeared with a frequency of about i per cent. 
Branches derived from this strain produced respectively 5 per cent 
and 27 per cent with fair regularity, the production of each monster 
being a chance event in the strain, not referable to a particular gene 
distribution. Similarly, taillessness is rare in laboratory rats, only 
19 sporadic cases having appeared in 170,000 births; but certain lines 
differ from the general population in having the tendency to produce 
tailless young with a higher frequency. Dunn (1941) describes a strain 
which produces 4 per cent tailless young. All possible matings, such as 
tailless X tailless, tailless X normal or normal X normal within this 
strain, give the same result, i.e., about 4 per cent with the defect. 
Evidently not a single gene but in some sense the genetic constitution 
as a whole determines that 4 per cent of the offspring will have the 
defect. 

There are many cases in man which apparently belong to this cate- 
gory of inheritance, but in the absence of experiment they are often 
difficult to distinguish from simple genic effects. In some forms of 
cancer the inheritance may be of this type. The defect may be produced 
by the way in which the early intra-uterine environment impinges on 
the organism, and yet the tendency for it to appear in the strain is 
inherited. From this point of view it is a form of susceptibility; but it 
is a specific susceptibility, producing in one case various degrees of 
otocephaly and in another taillessness. The genetic constitution may be 
said to determine the threshold of response to a particular environ- 
mental condition arising in utero with rather uniform frequency. There 
is now much evidence (see Bauer, 1945) of the constitutional biological 
inferiority of particular organs, such as the stomach, heart or liver. 
Such weakness of an organ or structure is of genetic origin and renders 
it particularly liable to breakdown under disease or strain. 

Sewall Wright's (1934) analysis of extra toes and their inheritance 
in guinea pigs leads to further points of view regarding the nature 
and history of certain types of gene in the germplasm. The guinea pig 
and all wild cavies have digits II, III, IV and V on their forefeet, but 
lack the thumb. On their hind feet they have II, III and IV, but lack 
both the big and little toe. Castle produced by selection a strain in 
which the little toe was constantly present — the re-emergence of a gene 
condition which had been lost for millions of years. Wright showed that 
no single gene is responsible for little toes, but that at least four approxi- 
mately equivalent genes are necessary. The development of the little 



GENERAL PRINCIPLES OF HEREDITY IN MAN 31 

toe requires a combination of favorable genes in order to pass a certain 
physiological-embryological threshold. Near this threshold environ- 
mental factors have important effects which may be indistinguishable 
from genic effects, as shown by the high correlation between litter 
mates. Young mothers and unfavorable feeding conditions also pro- 
duced a high incidence of little toes. Environmental factors can thus 
act as general modifiers of the developmental pattern. The multiple 
hereditary defects occasionally found in a child sometimes appear to 
have a similar basis, unfavorable prenatal conditions having permitted 
several genes to produce their effects when under more favorable con- 
ditions they would have been crowded out and unable to emerge. 

In another guinea-pig stock, Wright obtained a mutation (Px) with 
rudimentary little toes, rudimentary thumbs and big toes, which 
behaved as a single semi-dominant gene with frequent irregularities. 
These animals were vigorous and pentadactyl, 7 per cent larger than 
the normal. In crosses with the previous little-toed strain, the little 
toes and thumbs were well developed and the tendency to develop big 
toes was greatly strengthened. Results of this kind, in which one factor 
affects the development of another, lead to the conclusion that the 
apparent localization of effects of these factors depends on ‘‘the re- 
lational pattern of the organism as a whole at the time at which they 
are brought into play, rather than on any specific relation between 
particular factors and particular morphological entities,’’ a view which 
is applicable to certain human abnormalities. 

When the Px strain was inbred it produced about 25 per cent of 
monsters homozygous for the defect, which usually die in utero. Their 
legs are short and distorted, the feet like broad paddles with seven to 
twelve undifferentiated digits. The head is also misshapen, the eyes 
rudimentary, the brain often protruding and clefts present resembling 
harelip. Harelip and polydactyly or syndactyly also sometimes appear 
in children with multiple defects. 

It is well known that in horses the evolutionary loss of toes has gone 
farther than in any other mammal, yet polydactyly still occurs in horses as 
a very rare abnormality. Julius Caesar's horse and Alexander's were poly- 
dactylous (see Gates, 1929, p. 166). As in guinea pigs, the genic basis for 
extra toes has been thrust into the background of the germplasm, far below 
the usual threshold, and yet it has not been annihilated, which shows the 
surpassing conservatism of the germplasm. Stockard showed that a similar 
condition exists with regard to the toes of dogs. 

There is now extensive evidence of the inheritance of susceptibility to 
certain diseases in man, i.e., to the attacks of bacteria and viruses. 
Although innumerable cases of an inherited factor for susceptibility or 
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resistance to a particular bacterium or fungus are known in animals 
and plants, the medical profession has only tardily realized the im- 
portance of inherited resistance in man. The subject is discussed in 
Chap. XXVll. Recent evidence appears to show that susceptibility to 
poliomyelitis depends on a single recessive gene, and there is also 
evidence that the susceptible child has certain recognizable constitu- 
tional features, although these are not yet fully defined. Rheumatism 
and related conditions appear to be partly a matter of susceptibility to 
certain infections, and the blond type is considered by some to be more 
susceptible. In tuberculosis, susceptibility is generally recognized to be 
connected with the asthenic type of constitution or body build, and 
there is evidence that some races are more susceptible than others to 
tubercle and also to tetanus. Certain families are shown to be highly 
susceptible to pneumonia. That inherited resistance and susceptibility 
are strong factors in connection with leprosy is not generally recognized, 
but the evidence is now extensive (see Chap. X). Susceptibility as an 
element of inherited constitution is thus already of considerable im- 
portance. Body build, as another element of constitution, is discussed 
in Chap. XXVII, and recent important advances in this field are 
explained. 

The sudden appearance of a new abnormality in several members 
of a family has been called by Siemens heteropheny or transformative 
heredity. It is doubtful, however, whether this involves anything more 
than the emergence of a recessive gene in several sibs from parents who 
do not show the character but may have other abnormalities. In some 
cases it involves a change from partial to full expressivity of the gene 
determining a hereditary syndrome. 

What is known as anticipatimi, that is, the progressively earlier 
appearance of an inherited condition in successive generations, will be 
referred to later in connection with several abnormalities. Its existence 
has frequently been denied and in some cases it can be explained as a 
false statistical result arising from the fact that only those in whom it 
arises at a later age will live to reproduce (Davenport, 1916). This, 
however, is probably not the whole explanation. Nettleship (1909) 
accepted the law of anticipation and in fact named it, recognizing its 
existence in connection with certain ocular defects. Pieraccini (1932) 
points out that he had still earlier (1901) supported and illustrated the 
conception of anticipation In some diseases of the nervous system and 
of metabolism, but he denies the existence of homochronicity. 

A well-authenticated fact is that homochronous heredity (onset at the 
same age, Vogt) is frequently characteristic of siblings. Macklin cites a 
number of cases, but there are others (relating to some diseases) in 
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which the onset is at widely different ages. Thus it is clear that age of 
onset is important in many diseases, and that its relation to the disease 
varies widely in different cases. Different strains of the same disease 
may show characteristic differences in age of onset. 

If the mean age of onset for all affected individuals of a pedigree is 
determined for successive generations, then no statistical fallacy is 
involved as regards '‘anticipation,^’ and chance is excluded if several 
pedigrees of the same condition give the same result. Selection may, 
however, be at work if later age of onset is inherited. This law would 
naturally apply especially to dominant genes, and if it exists there is 
at present no biological explanation for it. Macklin (1932) cites a num- 
ber of instances in which the law seems at first to hold, the defect 
appearing at successively earlier ages until in some cases it is congenital. 
For example, in pedigrees of progressive muscular atrophy the average 
age of onset in the first generation (6 cases) was 51 years, second gen- 
eration (10 cases) 43.4 years, third (7 cases) 43 years, fourth (2 cases) 
31.5 years, fifth (1 case) 13 years. This will only be significant, how- 
ever, if all the members of the younger generations have already 
pass'^d the likely age of onset, but the decreasing numbers of cases in 
successive generations indicates that this was not so. Polycystic 
kidney also provides what might be a significant case. The age of 
onset, when recorded, gave an average of 47 years for first generation 
cases (ii), 29 years for second generation (21 cases), 25 for third (8 
cases) and 14.5 years for fourth (2 cases). The large decrease in num- 
bers affected, however, again leads one to suspect that the later genera- 
tions would continue to produce other cases at older ages, thus vitiat- 
ing the evidence. This criticism will also apply to single pedigrees. 
Theoretically they should all have lived out their life span before one 
can be certain that they will not experience the onset in old age. 

What appears to l)e a well-authenticated pedigree of cataract with 
anticipation is referred to on p. 991. There may also be anticipation 
in connection with glaucoma. In Huntington’s chorea (p. 1017) and 
similar conditions it has been suggested by Haldane that, through the 
selection of modifiers, the age of onset tends in the opposite direction, 
the disease having begun as an infantile condition and slowly progress- 
ing through the ages to a senile time of onset, but this is highly specu- 
lative. In the case of spastic paraplegia (p. 1023), Haldane found that 
the three characteristic ages of onset were due not to the action of 
modifiers but to three recessive alleles. 

Retinitis pigmentosa occurs not only in dominant, recessive and 
recessive sex-linked pedigrees, but some authors recognize infantile, 
iuvenile and later forms. There must be at least five different genes 
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for retinitis pigmentosa, one an autosomal dominant, one a partially 
sex-linked dominant, one sex-linked and two or more recessive. Accord- 
ing to Fraser Roberts (1940), the recessive gene which also causes deaf- 
ness is the only one with a distinct clinical effect. He also points out 
that the proportion of consanguineous marriages between the parents 
of affected children is much too high to correspond to the frequency of 
the disease in the population. Hence different recessive genes must 
be involved. Collection of forty-one pedigrees from consecutive cases 
without selection gave one sex-linked and the rest recessive, but some 
of these were single cases, some of which may be non-hereditary. In 
dominant forms the age of onset is twenty-five to forty years and the 
condition less severe, rarely leading to blindness. The recessive sex- 
linked form begins at twenty to forty and complete blindness results 
at forty to fifty. In the severe recessive form the sight is affected in the 
first decade and the child is blind before twenty. Thus in retinitis 
pigmentosa the age of onset is a measure of the severity of the disease 
and an indication of the type of inheritance. There is also evidence of 
partial sex-linkage in this condition (see Chap. IV). 

Allan (1937) shows that the same is true for peroneal atrophy of the 
Charcot-Marie-Tooth type. When dominant, the onset is at about 
thirty, but the victim continues to plow and pick cotton throughout life. 
When sex-linked recessive it begins in the second decade; in the third 
decade such occupations as watch-making and book-keeping have to be 
abandoned, and the final stage is a crutch and a wheel chair. The 
recessive form begins before eight years of age and the victim is a hope- 
less cripple in the second decade. Lenz suggested that dominants are 
mild because lethal genes which are dominant will die out, but this does 
not apply to non-lethals. The views expressed earlier in this chapter, 
that the age of onset and the severity are determined by the behavior 
and strength of the gene, are also in accord with Allan's views. The 
'daw of anticipation," if it exists, is evidently an independent phe- 
nomenon. 

Related to anticipation is the condition described by Fleischer and 
others (see Chap. XXI I) in which earlier generations of cataract at 
first senile, later progressing to earlier ages, are followed by a generation 
with myotonic dystrophy as well as cataract. Although this condition 
has been much studied, it requires fuller investigation before the re- 
lation between the cataract and myotonia can be fully understood. 
Both conditions occur in many pedigrees, the cataract appearing in 
earlier and myotonia in later generations. Goldschmidt (1938) has 
discussed this case, pointing out that Fleischer's pedigree was of a 
sedentary family of German peasants living in the same neighbourhood 
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in good circumstances with a high birth-rate for eight generations. A 
total of about three thousand persons were finally included in the pedi- 
grees, and half of them were alive when the work of Henke and Seeger 
(1927) was done. Senile cataract in the early generations is regarded as 
a condition of low penetrance and low expressivity of the single dom- 
inant gene. Later generations show an increase up to 50 per cent of 
visible heterozygotes and a simultaneous increase in the symptoms, 
which now include both cataract and muscular dystrophy, the former 
appearing at younger ages. 

Goldschmidt draws an analogy between these conditions and the series of 
allelic mutations in Drosophila which begins with a nick in the wing and ends 
with no-wing. He found that vestigial wing, an intermediate in the series, 
is a case of hereditary dystrophy. In this series he concluded that lysis of 
the wing tissue proceeds to dilTerent stages in proportion to the time of 
onset, rate, and threshold, the lowest alleles producing a phenotypic effect 
in only a few offspring, but beyond a certain member of the series the pene- 
trance and expressivity are complete. Vestigial wing is recessive since hetero- 
zygous individuals are normal; but a number of dominance-modifiers, which 
Goldschmidt^^ calls dominigeneSy shift dominance toward the vestigial type. 
In low members of this allelic series there is only lysis of certain portions of 
the wings, but in the higher members there are additional abnormalities of 
venation, bristles, time of development and viability. Goldschmidt explains 
the case of cataract followed by dystrophy in later generations as the result 
of a similar accumulation of modifiers affecting penetrance and expressivity. 
The parallel, although incomplete, is of interest, but assuming that there 
are many dominigenes in the population, it is difficult to see why they should 
go on accumulating in a particular pedigree. Nevertheless, modifiers of 
dominance very probably play a part in human genetics, and they differ in 
some respects from Punnett’s dominance inhibitors. 

Some genes are asymmetrical in their effects. For instance, harelip 
and cleft palate are more frequent on the left than the right side, and 
the same applies to luxation of the femur, clubfoot and polydactyly. 
Certain other genes produce their effects more frequently on the right 
side of the body. In a usually bilaterally expressed gene, there must be 
a difference of penetrance on the two sides when the expression is uni- 
lateral. 

Quite a number of human genes are now recognized as determining 
a single biochemical difference or the failure of a particular enzyme to 

In a more detailed study of many wing-mutants in Drosophila, Waddington (1940) finds 
that Goldschmidt’s assumption of lysis stopping at different points is incorrect. His analysis 
shows a much more complicated situation, sixteen different processes of wing development 
being involved in thirty-eight wing-mutations. The reply of Blanc (1942) brings no fresh 
evidence of lysis rather than retraction. Goldschmidt {ihid.y p. 122) states that scalloping 
effects can be produced or enhanced by dominant, recessive or modifying genes, inversions, 
triploidy, trisomy, temperature, X rays, etc. 
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be formed. In the case of phenylketonuria this is associated with 
serious mental defect, but some of the errors of metabolism are benign, 
producing no visible effect. In such cases probably very few chemical 
steps or none separate the gene from its final expression in the body. In 
the case of morphological defects it is much more difficult to understand 
how a difference which is basically chemical in every nucleus comes to 
express itself as a morphological change. In cases of chondrodystrophy, 
however, it is known that changes in certain enzymes are involved. 

Many lethal factors are known in domestic animals (Lerner, 1944) and 
in man. They were summarized by Eaton (1937), including seven 
lethal genes in man, but the number now known is considerably larger 
(see also Hanhart, 1942). Human lethals arc a little difficult to define. 
They of course include all genes which bring the development to a fatal 
end before birth, but they should also include all genes, such as Mor- 
quio’s disease, which produce death in childhood. Glioma retinae was 
formerly fatal in 100 per cent of cases in infants. Removal of the eye 
(one or both) now saves the child’s life, but as the gene is dominant it 
should be the sacred duty of the surviving individual not to pass on his 
or her fatal defect to posterity. If this rule is not adhered to, the medi- 
cal profession, in saving the life, will be made a partner to the reappear- 
ance of this fatal defect in the next generation. Since many single cases 
are fresh mutations, the incrccise of glioma can only be avoided if they 
cire all prevented from reproduction. 

Probably survival to reproductive age is the best criterion of a non- 
lethal gene, but cases In which the individual succumbs In childhood are 
frequently called sublethal. Strictly this term should be applied to 
those genes in which the mortality is less than 100 per cent. A gene 
such as that for Huntington’s chorea, with onset In middle age and 
fatal termination later, should not be classed as lethal, because the 
individual has already reached or passed the reproductive age. In some 
pedigrees of hemophilia the gene is lethal or sublethal In the sense that 
affected males rarely or never live to the reproductive cige. In other 
pedigrees, however, hemophilic males frequently reproduce and trans- 
mit their defective gene. 

So far as known, most human lethal genes are recessive. A dominant 
lethal mutation necessarily ends with the same Individual with which 
it began, and there Is no present means of knowing how frequent such 
mutations are; but many severe congenital defects and monstrosities 
are probably of this nature. There are also probably human gametic 
lethals, as in plants and probably In animals, but these have not been 
investigated in man. 

A lethal mutation in the Norway rat is described by Griineberg 
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(1938), in which the gene, which is linked to pink-eye dilution, exerts 
pleiotropic effects. It produces an anomaly of the cartilage, which 
causes hyperplasia of the ribs and of the cartilage rings of the trachea. 
This in turn leads to emphysema of the lungs (air in the alveolar tissue) 
and dilatation of the bronchi. Death finally supervenes through one 
of several paths leading to suffocation, hemorrhage into the lungs or 
starvation. The original defect in certain cartilages leads in turn to 
several complex trains of events, any one of which ends fatally. As the 
remote effects are consequences of the original skeletal changes, this is 
mistakenly referred to as spurious pleiotropism, but in practice they 
may be regarded as pleiotropic effects. Griincberg takes the view that 
no case of genuine pleiotropism, in which the same gene produces two or 
more independent effects, has yet been proven. Some of the hereditary 
syndromes (see Chap. XVIII) may be of this nature, but embryological 
as well as genetical evidence is required to prove it. 

Recessive lethals are also common in wild populations of Drosophila and 
they douV)tless occur in other wild animals. In wild D. pseudoobscura^ for 
instance, from 15 to 30 per cent of the third chromosomes contain lethals or 
semi-lethals (Wright, Dobzhansky and Hovanitz, 1942), some of which are 
alleles. The number of loci in the third chromosome capable of lethal 
mutation is estimated at 285, and the mean mutation rate 1.077 X iO“^. 
From this it would appear that lethals are probably more numerous in 
Drosophila than in man. Ives (1941) found a very high frequency of lethals 
in a wild population of D. melanogasterj associated with a high mutation 
rate — 1.8 per cent per generation in 437 tests. 

The higher mortality of male embryos in man has been ascribed to 
sex-linked lethals, but this explanation is not universally accepted. It is 
well known (see Chap. XX) that the sex-ratio at birth is about 106, and 
Bunak takes the ratio at fertilization to be 1 15. This means a 9 per cent 
wastage of male embryos before birth, which may be due to sex-linked 
recessive lethals. Bedichek and Haldane (1938) point out that on this 
hypothesis, since two out of three X-chromosomes are in females, where 
such genes are protected from natural selection, the mutation rate in the 
X would be one lethal in 3 per cent of X-chromosomes per generation. 
If this very high rate applied to autosomes as well, the majority of 
human autosomes should carry at least one lethal. They also point out 
that if recessive lethals are common in human autosomes, the frequency 
of surviving recessives among the progeny of two heterozygous parents 
should be less when they are related than when they are unrelated, for 
in the former case some of them should contain the same recessive 
lethal gene as well as the same recessive non-lethal gene. Applying 
these ideas statistically to Pearson's data on albinism, the results were 
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negative, i.c., there was no evidence of the presence of recessive lethals 
in the chromosome containing the gene for albinism. The number of 
known lethal genes in man becomes considerable if one includes all the 
recessive inherited conditions which are fatal in childhood. 

Haldane (1938) has pointed out another relationship arising from 
the presence of lethals. Where a recessive gene has a lethal allele, the 
heterozygote of the two being abnormal, the frequency of consanguinity 
among the parents of abnormals should be reduced. 

Two new lethals in the horse (Prawochenski, 1941) are (i) crippled 
legs with crooked phalanges, (2) absence of eye orbits. Both are re- 
garded as polymeric recessives. 

Cuenot showed in 1905 that homozygous yellow mice are lethal, and 
Kirkham in 1917 found the disintegrating embryos in utero. Robertson 
(1942) shows that these embryos develop normally through cleavage 
and blastocyst formation; but implantation fails to take place, the 
central cavity of the embryo collapses, and development ceases at about 
five days. When ovaries were transplanted from heterozygous yellow 
to agouti females, it was found that in the agouti uterus these yellow 
embryos develop further, forming about twice as many cells but dying 
after the beginning of implantation. The single gene difference between 
yellow and agouti must affect the uterine wall and so influence the 
development of the embryo. 

The short-tailed mouse mutation is also lethal in the homozygous condi- 
tion. These embryos die at the tenth day, the whole posterior end of the 
body being absent and the somites undifferentiated. Ephrussi (1935) made 
tissue cultures from the myobkists, epithelial cells and fibroblasts of these 
embryos. They showed normal growth and dividing capacity, and the 
cartilage-forming mesenchyme had normal differentiating capacity, even 
when taken from the posterior end of the embryo. Since the individual cells 
have normal developmental capacities, it was concluded that the death of the 
lethal embryos was probably due exclusively to internal factors of interaction 
between tissues. 

These results all have a direct bearing on the understanding of human 
lethals. Probably many miscarriages at different stages of development 
and many stillbirths are due to lethal factors. 

Modern experimental work has shown that the relation between the 
developing organism and its environment is by no means a simple one. 
Different genes vary greatly in the degree of their response to particular 
environmental changes. One of the early cases of a gene which is 
peculiarly amenable to environmental changes was discovered by 
Morgan (1915)* The Drosophila mutation, abnormal abdomen, has 
pigment bands on the abdomen which remain latent if the food is dry 
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and only reach full expression when the larvae receive food having an 
abundance of water. Similarly, Hoge (1915) showed the influence of 
temperature on the gene that causes reduplication of legs. At normal 
temperatures few flies show the condition, but if the larvae are kept at 
a cold temperature the penetrance is complete. The phenotype of many 
Drosophila mutations is altered by exposing the young larvae to ex- 
treme heat or cold. In the mutant tctraptera, in which the hal teres are 
changed to wings, the penetrance varies from i per cent at 17° C. to 
35 per cent at 25° C. In the converse mutation, tetraltera, in which the 
pair of wings is changed into haltcres, the penetrance ranged from less 
than I per cent at 29° C. to over 35 per cent at 14.4° C. The increased 
penetrance resulted from the slower rate of development at low tem- 
peratures, and not from the temperature itself. Villee (1943) has simi- 
larly shown that in the allelic scries of aristopedia third chromosome 
mutations, in which an antenna is transformed into a tarsus with claws, 
heat treatment decreases the expression of the gene while coki prcxluces 
various effects on different alleles, the most effective time of application 
being four days after larval develoi^ment begins. The mutational re- 
placement of an antenna (arista) by a leg can be developmentally ex- 
plained by assuming that a leg evocator diffuses into the antennal disc 
before its development is sufficiently advanced to produce an antenna.^* 
The gene antennaless, on the second chromosome of Drosophila, 
prevents the formation of antennae under certain conditions. In 
hatching, the early flies show a high exhibition of this recessive char- 
acter (Gordon and Sang, 1941). The curve of exhibition frequently 
begins at a maximum, falls in four ilays to a minimum, then rises to 
near-maximum by the eighth day, after which it falls somewhat again. 
These rises and falls were shown to be due to changes in the culture 
medium, which depend upon changes in the microflora and metabolites 
in the food, thus involving changes of diet. This particular mutation is 
remarkably sensitive to small nutritional changes. The results were not 
due to selective mortality. The gene for antennaless acts between the 
third and fourth day of larval life. Temperature changes also have a 
striking effect on exhibition when the medium is sterile, w^hile changing 
pH in the normal medium alters the exhibition frequency. The yeasts 
in the medium produce some substances which encourage and others 

Another Drosophila mutation — podoptera — has recently been found (Goldschmidt, 
1945) in which one wing is more or less changed to a leg. Rarely both wings are affected. It 
is allelic to tetraltera but has a still lower penetrance, only 0.25-3 cent in homozygotes. 
This new case of a homoeotic mutation raises interesting questions regarding the origin of 
insect wings from primitive legs (parapodia of polychaeles). 

The term exhibition has been applied to the homozygous and penetrance to the hetero- 
zygous state. 
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which inhibit the exhibition of antennaless. These examples from 
Drosophila serve to indicate some of the ways in which certain human 
genes may be related to environmental conditions, but of course in 
mammalian development the temperature is normally held constant, so 
that other kinds of environmental changes or intra-uterine conditions 
must be invoked. 

It has been claimed that heterozygous female carriers of hemophilia 
can be detected by a difference in the clotting time of the blood, and 
there are many other cases in which it would be very important if 
carriers could be distinguished from homozygous normals. Probably, 
methods will ultimately be devised for determining such differences. 
The possibilities are indicated by an experiment of Hance (1928). 
When mice are exposed to X rays the hair falls out and in colored mice 
it may be replaced by white hair. Hance found that in mice homozy- 
gous for pigmentation the new hair contains pigment, whereas hetero- 
zygotes lose nearly all their color. 

In all work in human genetics it has to be realized that the same 
conditions may be produced phenotypically or inherited genotypically 
in particular cases. Perhaps the most striking instance of this kind is 
that of a Nordic woman in whom a tumor of the pituitary produced all 
the Negro racial characters, including dark skin, frizzy hair, broad nose 
and thick lips (see Chap. XXIX). 

Little is known regarding human mutation rates and the changes 
which they undergo. In characters such as the blood groups, which 
differ widely in racial frequencies, it is possible that changes in the 
mutation rate may be involved. One such change, in guinea pigs, has 
already been referred to. Several genes which affect mutation rates are 
now known in plants and animals. Demerec (1929) found both domi- 
nant and recessive genes affecting the mutation rate of unstable genes 
in Drosophila, and Sturtevant (1937) found a complex of genes control- 
ling mutability. Dobzhansky (1941) has recently discussed the subject, 
pointing out that geographic strains of Drosophila species have different 
mutation rates. In some cases the position of the gene in the chromo- 
somes may affect its mutation rate. Rhoades (1938) showed that the 
gene ai in maize becomes highly unstable in the presence of a certain 
mutability modifier, and also (1941) that the mutation rate of unstable 
genes is depressed by high temperature.^^ Faberge and Beale (1943) 
found a similar decrease in the mutability of an unstable gene in 
Portulaca through temperature disturbances. In Drosophila pseudoob- 
scura, a gene, probably in chromosome II, produces a high general 

Rhoades (1945) has recently found that the highly stable gene a is in chromosome 3, 
while the gene Dt is in or near the terminal knob of chromosome 9 
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mutation rate in one strain (Manapell, 1943), the rate being thirty-four 
times the normal in heterozygous individuals and seventy times the 
normal in flies which are homozygous for the ‘‘mutator.” There is thus 
evidence of genes affecting general mutability, others affecting the 
stability of particular genes, and environmental effects on mutation 
rates as well. Many cases of mutation in man are cited in this book, but 
little is yet known of their statistical frequency. 

Different strains of Drosophila melanogaster are shown to have different 
mutation rates and the same may well be true of the human races. There 
is indeed evidence that the ^enes for certain inherited diseases are more fre- 
quent in some races than in others. Plough and Holthausen (1937) found 
a high mutation rate in a Florida strain of D. melanogasteVy one particular 
stock having a mutation rate of three to six times the normal {ca. 35 mutants 
in 30,000 flies) while fourteen others simultaneously bred gave no mutations. 
Spencer (1935) found the mutations of D. funebris and D. hydei coming 
in waves, which may be accounted for by the inheritance of a mutability 
gene. Demerec (1937) measured the frequency of lethal mutations in the 
X-chromosome of fifteen stocks of D. melanogaster . He found a significantly 
higher mutation rate in three stocks, the highest of all being the Florida 
stock. In this strain he determined the presence of a recessive gene in 
chromosome II which increases the rate of visible mutations. He suggests 
that the action of this gene is to affect the gene environment in the cell so as 
to bring many genes to the threshold at which changes will occur. Tiniakov 
(1939) found a highly mutable stock of the same species near Moscow. In 
the progeny were 54 mutants among 8634 flies, whereas a normal stock 
produces about 5 mutants per 100,000 flies, holies bred from other areas 
produced no mutants among 10,000 progeny. In a further study, Shapiro 
(1939) concludes that there is a continuous occurrence of mutations which 
increase the mutation rate, but that selection must eliminate them as they 
are obviously deleterious to the species. 

Gene Distributions 

It is not intended to enter into questions of population in this work, 
but there has been much recent study of gene distributions, cousin 
marriage and related problems, some of which may be briefly referred 
to here. The genetics of human populations is in some respects a 
distinct field from that of human individuals. In some respects it has 
advantages over the study of wild animal or plant populations, since 
the inheritance of any gene in individual families can be determined. 
It is important as far as possible to determine the genetic composition 
o{ particular populations, the nature of any external or internal factors 
which tend to change the equilibrium of population, and the way in 
which such influences act. 

As a simple example of gene distribution in a wild animal population 
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we may take the case of the black fox, as analyzed by Romashov and 
Ilyina (1942). The black fox differs from the ordinary red fox by a 
single gene, B. The genotype BB is black, the heterozygote Bb inter- 
mediate, the recessive red, bb. The frequency of the dominant gene B 
in northern Eurasia and North America varies in different areas from 
o to 8 per cent, and on an island off Kamchatka it reaches 25 per cent. 
The gene frequency for different areas was based on the numbers of 
skins of the three kinds collected in 1931. Using Hardy’s formula, 
2 pq for the three types, the total results, omitting one 

aberrant area, were astoundingly close to expectation. 


Totals found 12BB + 678Bb + I3655bb 
Expectation 10.6BB + 68i.4Bb + I3653bb 


This shows that the mating between different types of foxes is 
random. It also proves that black and cross foxes are respectively the 
homozygous and heterozygous forms of the single gene B. In a study 
of the distribution of silver and cross foxes in Canada, Butler (1945) 
finds a gene a for silver, most abundant in Western Canada, another 
gene, b, increasing from west to east. There is also evidence of de- 
creased fertility or survival of silver foxes. 

In human populations, new genes arise by mutation from time to 
time and the same gene may arise reixxitedly. The genic composition 
of a population can also change through selection, immigration or emi- 
gration, and through the occasional random extinction of rare genes. 
On the basis of certain assumptions, Haldane (1939a) derives formulae 
for the equilibrium between mutation rates and random extinction. 

The expression for the genotypes in a population mating at random 
may also be written : 2 p(i — p) : (i — pp. Any gene A in the popu- 
lation will then have the frequency p^AA : 2 p(i — p)Asi : (i — />)‘^aa. 
If I in 20,000 persons are albinos, then p- = ^^“0 , and p = Yhi- ^ 
number of heterozygous carriers is 2 />(i — p) = -7^. Hence i in about 
71 will be a carrier. 

Hogben (1931) showed that if a familial trait is determined by a 


single recessive gene, thiui 



/>, where p is the probability that 


I — r/" 

the offspring of two heterozygous parents will be recessive, R is the total 
number of recessives in families of at least one recessive, is the num- 
ber of observed .y-membered fraternities containing at least one re- 
cessive, and ^ + g = I. In general, the proportion of recessives in 
recorded families showing autosomal or sex-linked traits is significantly 
higher than one-quarter. This is because cases showing high familial 
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incidence are recorded in medical journals more often than those with 
a low family incidence. It is therefore frequently necessary for statis- 
tical purposes to collect fresh data, including the family pedigree of 
every case in a long consecutive series. By such means it should be 
possible ultimately to obtain a good estimate of the frequency of many 
different genes in the population. Haldane (1932) devised a method for 
calculating the true proportion of recessives from small families, which 
involves more work than the Lenz-Hogben method but is more accurate. 

Strandskov (1942) shows how the formula for determining the gene 
frequency from the phenotypic frequency depends on the manner of 
inheritance of the particular gene. Different systems of mating will 
affect the phenotypic frequency of a particular character, but not the 
frequency of its gene. Thus inbreeding will increase the frequency of 
the phenotypic appearance of a recessive gene, but if the homozygous 
phenotype of the gene is very deleterious it will actually become less 
frequent in later generations. Selection may thus operate differently 
on gene frequencies as a result of different systems of mating. Haldane 
and Moshinsky (1939) calculated the effects of cousin marriage on rare 
recessive genes which are completely or partially sex-linked. 

Outbreeding tends to spread recessive genes through the population 
without bringing them to the surface. Inbreeding, on the other hand, 
as shown in the case of maize, pigs and many other organisms, brings 
deleterious genes to the surface where selection, natural or artificial, 
can act to prevent their reproduction. Inbreeding may therefore be 
racially advantageous in the long run, provided that any deleterious 
homozygotes which appear are prevented from reproduction. Strands- 
kov makes the extraordinary statement that ^‘basically, the populations 
(of different human races) are not different,'' thus flying in the face of all 
the facts of anthropology. Such a statement only serves to give a false 
perspective, for if it means that the different races have more genes in 
common than unlike genes, then the same statement would apply to 
man and the gorilla. Surely it is better to face the facts of racial differ- 
ence than to try and camouflage them by such dicta, which are only 
misleading in their implications. Those who (unlike Strandskov) try to 
make out that all mankind are a single house-party, lacking only in a 
common feeling of fellowship, do an injustice to science, truth and 
eugenics, which has never contemplated universal mixture of races as a 
desirable future for mankind. 

The question has often been raised, whether cousin marriage is a 
desirable thing. Formerly it was heavily penalized, and in a.d. 390 
Theodosius the Great prohibited cousin marriage under severe penal- 
ties, including death. In an early study of cousin marriage in England, 
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Elderton (1911) found no evidence that lessened fertility necessarily 
follows consanguineous marriage, some inconclusive evidence of higher 
child mortality in the offspring of cousin marriages, and definite evi- 
dence that the frequency of consanguineous marriages is greater among 
the parents of albinos, deaf-mutes and persons of unsound mind. She 
deduced that '‘there is a very large number of latent (recessive) defects 
in the community/’ Sjogren (1931) found that in the case of recessive 
juvenile amaurotic idiocy in Sweden the parents were first cousins in 
15.3 per cent of cases, first cousins once removed in 3.4 per cent and 
second cousins in 6.8 per cent. Dahlberg (1939) showed a slow but 
steady decrease in the cousin marriage rate in Prussia and Bavaria 
between 1875 t933» while in France, where the rate is higher, the 

decrease between 1876 and 1919 was only from 1.03 to 0.97. Dahlberg 
shows higher consanguinity rates in the country than in towns. Bell 
(1940) finds from some 49,(X)0 patients in hospitals of England and 
Wales that only 0.79 per cent were from consanguineous marriages, 
0.61 per cent from first-cousin marriages, which is believed to be an 
underestimate for the country as a whole. 

The danger that may attach to cousin marriage arises, not from in- 
breeding per se, but from the possibility that the family germplasm is 
carrying deleterious recessive genes. Each family can only be judged 
from its past history. Murphy (1924) described an immigrant family 
from Germany to Pennsylvania in 1731. The original immigrant left 
twenty-four children, one of whom settled in North Carolina in 1797. 
The families remained prolific and there were seven first-cousin mar- 
riages in four generations. The forty-one descendants show no physical 
abnormality and only one has slightly impaired mentality, but there is 
a high infant mortality, and the death-rate is definitely higher than in 
the general population. 

Probably throughout human prehistory, when populations were 
small, the coefficient of inbreeding was high. How incest came to be 
taboo is a matter on which anthropologists do not agree. Haldane 
(1939b) points out that inbreeding has diminished within historical 
time, and particularly with increased modern urbanization and trans- 
port. He shows that relaxation of inbreeding in civilized countries 
must have resulted in rapid decrease in the frequency of lethal and 
sublethal recessive conditions, which will be followed by a slow increase 
in the frequency of these genes in the future population. In two thou- 
sand years or more they will rise to their old level, and he suggests that 
this is the reason why abnormal dominants are now much commoner 
than recessives in man. In a correction of this paper, Haldane (1940) 
found that the rapidity of the rise was overestimated. If several domi- 
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nant genes produce diseases which are grouped together clinically, such 
as PViedreich’s ataxia, and which diflfcr in severity (graded according 
to the age of onset), then he shows that the frequency of affected in- 
dividuals in the population will be close to an equilibrium value of 
2 /x(i — /), where m = the mutation rate and/ = fitness. If there is one 
gene producing a mild disease with mutation rate mi and fitness /i = f, 
and another gene producing the disease in severe form, with a mutation 
rate ^2 and fitness /2 = then he finds the frequencies at equilibrium 
will be 8 and ^ /X2, respectively. The mild type should then be three 
times as frequent, relative to its mutation rate, as the severe type. The 
same holds for recessive zygotes. When Inbreeding is relaxed, the fre- 
(]uency of the severer recessive types of a disease should be increased 
relative to that of the milder dominant types. He believes that the later 
onset of dominant hereditary ataxia is due to the action of selection, 
but it seems more likely that it is a part of the difference between the 
dominant and recessive genes. 

In another paper (1941), Haldane finds that in glaucoma, peroneal 
atrophy, Friedreich’s ataxia, spastic ataxia and spastic paraplegia the 
age of onset Is uniform In each pedigree but differs widely in different 
pedigrees, Indicating that different genes are responsible. In optic 
atrophy and Huntington’s chorea, on the other hand, the age of onset 
varies widely within a pedigree, so there is probably a single gene, with 
modifiers affecting the time of onset. 

Statements have been made to the effect that heterosis or hybrid vigor 
Is important in human racial crosses. This condition occurs in some 
crosses of animal and plant species, but not in others. As regards man, 
the idea has been vastly exaggerated. No one has yet produced any 
strictly genetical evidence of its occurrence in mankind, and theories 
based on its assumed effects are therefore fallacious. There are two 
distinct effects ascribed to heterosis: (i) Increase in size of the hybrid 
soma, (2) Increase in fertility. Human beings are already so highly 
heterozygous that in any case race-crossing is unnecessary to produce a 
hybrid condition In man. Gowen (1945) has recently found that when 
races of Drosophila of different geographical origin are crossed, the 
hybrids show a marked Increase in egg-laying as compared with the 
inbred strains. He concludes that this increased fertility is controlled 
by a number of genes distributed at random in the chromosomes. Not- 
withstanding much work on heterosis in plants and animals, and many 

An apparent exception is found in the Nilotic tribes of the Sudan. They are believed 
on good evidence (Seligman 1932) to be the result of a mixture of Hamite (Caucasian) and 
Negro stock; and their exceptional tallness is regarded as a result of this mixture, which may 
have begun as early as the pluvial age. However, no such effect is recorded in modern crosses 
between Caucasians and Negroes. 
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theories (vSee Whaley, 1944), the ultimate causes of this scattered effect 
are still unknown. In certain cases in maize a single gene difference 
can produce marked heterosis. 
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I T IS now recognized that all the races of man probably have 24 pairs 
of chromosomes. This means that the hurnan genes fall into 24 
linkage groups. Because of the relatively large number, it is difficult 
to discover cases of genetic linkage in man. Apart from those linked 
with sex and carried in the XY pair of chromosomes, relatively few 
cases of genetic linkage in man have been proven (see Chap. IV). The 
cytological technique for the study of chromosomes in mammals and 
man has reached a point where accurate counts are being made even 
of large numbers. The earlier counts, before about 1920, were fre- 
quently erroneous, as mammal chromosomes are particularly soft and 
difficult to deal with. Table 3 gives a partial list of what may be re- 
garded as accurate counts in mammals, except the first two. McClung 
(1939) has compiled a recent list of all chromosome counts in animals. 

It will be seen that in Marsupials the most common number is 22, 
although 12 or 14 also occur in a number of species. The placental 
mammals practically all have higher numbers. In the Edentata and 
the Ungulata so far as known the usual number is 60, although the pigs 
and their relatives have about half that number. The Carnivora range 
from 34 in the fox to 78 in domestic dogs, but we may surmise that the 
latter number represents an increase as a result of crossing in the an- 
cestry of the dog. Among rodents the numbers range widely from 40 
to 42 in mice and rats to 62 in certain squirrels and even to 84. The last 
three groups, so far as now known, are represented almost entirely by 
48 chromosomes, although a Cebus monkey has 54. It appears probable 
that the number 48 is of ancient origin and as characteristic of primates 
as 60 is of ungulates. Haase-Besvsell (1936) suggested that the chromo- 
some number in man was doubled during the Ice Age, but it seems more 
likely that the doubling occurred much earlier, at least as far back as 
the origin of the primates. 

Biesele, Poyner and Painter (1942) find four nucleoli in normal 

human tissues, which supports my view that 48 is a tetraploid number. 
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It was formerly contended that doubling of the chromosomes could 
not occur in bisexual organisms with differentiated sex chromosomes 
because the XY mechanism would be upset. It turns out, however, that 
in various dioecious plants, such as Melandrium and Carica papaya, 
where sex chromosomes are present, experimentally produced tetra- 
ploids are male or female, with only occasional intersexes (see Gates, 
1942b). The species of Salix are normally dioecious, yet they are known 
frequently to produce catkins showing various intersexual conditions 
(see Smith, 1940). Wilkinson (1941) has shown that 5 . alba and S. 
fragilis are both allotetraploids * with 76 chromosomes, including two 
pairs of chromosomes with satellites (one pair of satellites has been lost 
in S. alba var. coerulea, the cricket bat willow) yet they normally retain 
their bisexual character. There remains no reason why animals should 
not have done the same after doubling their chromosomes. Intersexes 
in dioecious plants are due to the interplay of external and internal 
determiners, frequently accentuated by hybridization. In animals and 
man they appear to be more largely determined by internal germinal 
and endocrine conditions (see Chap. XX). The relatively frequent 
intersexes in man may arise in part from the tetraploid condition of his 
chromosomes. 

It will be noticed (Table 3) that an unequal pair (XY) of sex chromo- 
somes is present in nearly all mammals accurately studied. There was 
a lengthy controversy as to whether man had a Y-chromosome, but the 
cytological evidence of its presence is strong, especially as Winiwarter 
and his school, who found no Y in man, found none in other mammals 
where many investigators have shown its presence. Winiwarter (1934) 
foimtl 35 chromosomes, including an X, in a male Belgian cat, but he 
accepts the presence of 38 with an XY pair in preparations made from a 
male cat in Japan, and Koller (1941) has since found 38 in a Scottish 
cat. If the chromosomes of the domestic cat vary to this extent in 
different parts of the world, the same may well be true of man. 

Winiwarter and Oguma (1926) studied spermatogenesis in six white 
and one yellow man, finding that all had an XO sex chromosome 
mechanism. Painter (1923), on the other hand, has investigated both 
whites and blacks, finding an XY pair in both races. Evans and Swezy 
(1929) obtained similar results with Mexicans (partly Indian) and 
whites. Oguma (1937), in a study of Manchurians and Japanese, 
contends that the X is made up of three segments, the terminal segment 
being mistaken for the Y ; but apparently this is the XY pair attached 
endwise, as described by many investigators. The significant fact that 

1 This means a new form produced by doubling of the chromosomes in a (usually sterile) 
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TABLE 3 

CHROMOSOMES IN MAMMALS AND MAN 


Monotremata 

2 n 

Echidna 

8-12 

Ornithorhynchus 

8-12 

Marsupialia 


Dasyurus maculatus 

14 

Sarcophilus ursinus 

14 

Didelphys virginiana 

22 

D. aurita 

22 

D. paraguayensis 

22 

Isoodon obesulus 

14 

Pseudochirus peregrinus 

20 

Petaur aides volans 

22 

Phascolarctus cinereus 

16 

Petaurus breviceps 

22 

T richosurus vulpecula 

20 

Bettongia lesueuri 

22 

B. penicillata 

28 

Potorous tridactylius 

12 

Macro pus ualabatus 

12 

M. giganteus 

22 

Lutreolina crassicaudata 

22 

Setonyx brachyurus 

22 

Phascolomys mitchelli 

14 

Edentata 


Tatusia novemcinctum 


(armadillo) 

60 

Ungulata 


Poephagus grunniens (yak) 

60 

Bos taurus (cattle) 

60 

Capra hircus (goat) 

60 

Equus caballus (horse) 

60 

Equus asinus (donkey) 

60 

Ovis aries (sheep) 

60 

Ovis Poli 

60 

Ovis steatopyga 

6(J 

Leicester sheep 

54 

Rambouillet sheep 

54 

Sus scrofa (pig) 

38 

Sus scrofa ^ 

40 

Large white Yorkshire 

38 

Pecari tajacu (peccary) 

30 

Carnivora 


Felis domestica 


(cat) In Belgium 

d "35 

In Japan 

cTsS 

In Scotland 

c ^38 

Nyctereutes viverrinus 

42 


Sex 

Chromosomes 

Author 

. — 

Benda, 1906 (from McClung, 



1939) 

Benda, 1906 (from McClung, 

XY 

1939) 

Greenwood, 1923 

XY 

Greenwood, 1923 

— 

Painter, 1922 

XY 

Dreyfus & Campos, 1939 

XY 

Saez, 1931 

XY 

Drummond, 1933 

— 

Altmann & Ellery, 1925 

XY 

Agar, 1923 

- - 

Greenwood, 1923 

XY 

Drummond, 1933 

— — 

Altmann & Ellery, 1925 

XY 

Drummond, 1933 

XY 

Drummond, 1933 

— 

Altmann Ellery, 1925 

XY 

Agar, 1923 

— 

Binder, 1927 

XY 

Saez, 1938 

XY 

Drummond, 1933 

— 

Altmann & Ellery, 1925 

XY(?) 

Painter, 1925 

XY 

Zuitin, 1938 

XY 

Krallinger, 1927, 1931 

XY 

See Oguma & Kakino, 1932 

XY 

Painter, 1924 

— — 

See McClung, 1939 

— 

Bruce, 1935 

— — 

Zuitin, 1935 

— _ 

Zuitin, 1935 

XY 

Ahmed, 1940* 

XY 

Berry, 1941* 


Krallinger, 19311 

Hance, 1917 

Bryden, 1933 

— 

Krallinger, 1936 

xo 

de Winiwarter, 1934 

XY 

de Winiwarter, 1934 

XY 

Koller, 1941 

XY 

Minouchi, 1929 


* These authors find 54 chromosomes in the sheep, including a heteromorphic XY pair, 
and three large V-shaped pairs which it is reasonable to assume have been formed by end to- 
end fusion of 6 rod pairs, thus reducing the chromosome number from 60 to 54. 

t Krallinger suggests that the counts of 38 and 40 obtained in domestic pigs result from 
the fact that they are derived from crosses between S. scrofa and 5. vittatus. 
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3 — Continued 

Sex 

S 3 

Monolremata 

2 n 

Chromosomes 

A uthor 

Cams familiaris (dog) 

78 

XY 

Minouchi, 1928b 

(dog) 3 breeds 

78 

XY 

Ahmed, 1941 

Vulpes fulvus (fox) 

42 

XY 

Wodsedalek, 1931 

Vulpes fulvus (fox) 

32 

XY 

Bishop, 1942 

V. lagopus (fox) 

52 

— 

Andres, 1938 

V. vulpes (fox) 

34 

XY 

Wipf and Shackelford, 1042 

Rodentia 

Cavia cohaya (guinea-pig) 

60-64 

XY 

League, 1928 

Citellus decemlineatus 

50-54 

XY 

See Oguma & Kakino, 1932 

Cricetus auratus 

(38 

XY 

Roller, 1938 

144 

XY 

Husted et al.. 1945 

Dipodomys merriami 

86? 

XY 

Cross, 1931 

Geomys breviceps 

84? 

XY 

Cross, 1931 

Glaucomys volans 

52 

XY 

Cross, 1931 

Lepus cuniculus (rabbit) 

44 

XY 

Painter, 1926 

Microtus townsendii 

50 

XY 

Cross, 1931 

Rattus norvegicus albus X 

42, 1 

62 f 

XY? 

Swezy, 1927 

R. norvegicus 


Rattus novegicus albus 

42 

XY 

Minouchi, 1928a 

Rat 

42 

— 

Bryden, 1932 

Mus musculus 

40 

XY 

Cox, 1926 

Mus musculus 

40 

XY 

Cut right, 1931 

Rattus rattus alexandrinus 

40 

XY 

Cross, 1931 

Rattus coxinga 

42 

— 

See McClung, 1939 

Mus wagneri albula 

40 

XY 

Minouchi, 1928c 

Neotoma floridanus attwateri 

52 

XY 

Cross, 193’. 

Perognathus fallax fallax 

44 

XY 

Cross, 1931 

Peromyscus spp. 

48 

XY 

Cross, 1931 

Peromyscus maniculatus holies ter i 52 

XY 

Cross, 1931 

Peromyscus eremicus eremicus 

ca. 60 

— 

See McClung, 1939 

Sciurus carolinensis carolinensis 48 

XY 

Cross, 1931 

Sciurus leucotus (gray squirrel) 28 

XY 

Roller, 1936 

Sciurus niger 

62 

XY 

Cross, 1931 

Sigmodon hispidus texianus 

54 

XY 

Cross, 193T 

Insectivora 

Crocidua (Pachyura) murina 

40 

XY 

Tateishi, 1937 

Mogera insularis 

16 

XY 

Tateishi, 1937 

Erinaceus europaeus 

48 


Painter, 1925 

Chiroptera 

Nyctinomus mexicanus 

(house bat) 

48 

XY 

Painter, 1925 

Primates 

Rhesus macacus 

48 

XY 

Painter, 1924 

Brown Cebus monkey 

54 

XY 

Painter, 1924 

Chimpanzee 

(fca.48 

— 

Yeager, Painter & Ycrkes, 

1940 

Man 

White 

47. 48 

xo 

Winiwarter, 1912 

White 

(^48 

XY 

Painter, 1923 

Negro 

48 

XY 

Painter, 1923 

Japanese 

47. 48 

XO 

Oguma & Rihara, 1923 

Japanese 

48 

XY 

Minouchi & Ohta, 1934 

Negro, Mexican (?) 

0^48 

XY 

Evans & Swezy, 1929 

White 

948 

— 

Swezy & Evans, 1930 

White 

0^48 

— 

Remp, 1930 

White 

d'48 

XY 

Roller, 1937 
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Fig. 14. Human spermatogonial cell 
showing the X- and Y-chromosomes. 
(After Painter) 




Fig. 15. Pachytene stage of sperma- 
togenesis, showing X and Y. (After 
Roller) 



Fig. 16. Diplotene stage showing X 
and Y attached by their terminal 
satellites. (i\fter Roller) 



Fig. 77. First meiotic division, show- 
ing the X and Y separating. (After 
Painter) 



Fig. 18, Second meiotic division, 
showing the X dividing. (After 
Painter) 



Fig. JQ. Second meiotic division, 
showing the Y dividing. (After 
Painter) 
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in most dioecious plants and in many animals the XY pair is also the 
satellite (or nucleolus-producing) pair has been pointed out elsewhere 
(Gates, 1939, 1942a). The failure to find a Y is, therefore, rather a mat- 
ter of interpretation than an actual difference, although it is possible 
that certain men may lack a Y, as it frequently lags in anaphase and is 
therefore in danger of being left out of the daughter nuclei. Matthey 
(1938) finds an XY pair in all the rodents and incidentally refers to 
species in which 2 n = 32, 36, 46, 48, 50 and 56 have been counted. 




Fi^. 20. Dividing somatic cell witli 
48 chromosomes, including the Y. 
(After Evans and Swezy) 


Fig. 21. First meiotic anaphase, 
showing the result of crossing-over in 
inversions. (After Roller) 


The technical tlifiiculties of investigating human chromosomes arc 
great, but they are being overcome. A few selected figures will show the 
conditions. Figure 14 shows a s^x^rmatogonial cell in which the larger X 
and smaller Y can be recognized. Figure 15 shows the condensed pair 
of XY chromosomes in the pachytene stage of spermatogenesis, when 
the threads of the other chromosomes are already paired. It will be 
seen that the X and Y each appear to have a satellite, and probably 
each produces a nucleolus at this point at an earlier stage. Figure 16 
represents the later diplotene stage in which the XY pair are attached 
by their terminal satellites. Figure 17 shows a side view of the spindle, 
with the X and Y separating in advance of the other bivalents. In the 
second meiotic division, all the chromosomes, including the X and Y, 
divide, as shown in Figs. 18 and 19. The X is seen dividing in Fig. 18 
and the Y in Fig. 19. Half the sperm thus receive an X and half receive 
a Y. Figure 20 shows a somatic cell (mesenchyme) dividing, with 48 
chromosomes, including the small Y. King and Beams (1936), in a 
study of spermatogenesis in six men fifteen to twenty-six years old, 
found 24 as the reduced number and that an XY pair was present 
among the 24 tetrads of the first spermatocyte. 
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The chromosomes of three men were carefully investigated by Roller 
(1937). One of them, who was descended in the second generation from 
a cross between Scotch and French, shows a peculiarity in spermato- 
genesis. In the first meiotic division the X and Y frequently divide 
equationally (Fig. 21). The other chromosomes have separated, except 
one pair which form a double bridge with fragments. It has been shown 
in many plants and animals that such conditions arise when the organ- 
ism is heterozygous for an inversion in a segment of a chromosome. 
This opens up a large field for the study of chromosome inversions in 
human hybrids throughout the world. They are most likely to be found 
in crosses between races that have long been separated, and their occur- 
rence should serve not only to identify certain chromosomes but also, as 
in Drosophila species, they may give some idea of the relative times 
when these inversions and other rearrangements of the chromatin took 
place. In this way, cytological evidence of human racial history may 
be obtained; but with the large number of chromosomes involved, it 
cannot be expected that the same chromosome will undergo many 
successive changes in such a way that they can be chronologically 
related to each other. 

Roller finds that the X in man is 4-5 ^ in length, the Y 1.5 the X having 
a subterminal spindle fibre attachment. It also appears to have a terminal 
satellite. He finds that about two-thirds of the length of the X consists of 
the non-pairing segment, whereas the non-pairing segment of the Y is very 
small. The pairing segments of the two chromosomes should of course nor- 
mally be of equal length. Roller concludes that (as in some mammals, e.g., 
the golden hamster) there are two kinds of sex bivalent, an asymmetrical in 
which the X and Y will separate in the first division, and a symmetrical in 
which they divide equationally in the first division and separate in the second. 
The symmetrical type is estimated to occur in 10 per cent of cases. Occasion- 
ally the X and Y fail altogether to pair. Crossing-over will take place be- 
tween the pairing segments of the X and Y when they pair. The paired seg- 
ments are believed to be over fifty cross-over units in length. Genes in this 
region will show incomplete sex linkage, while those in the unpaired segment 
of the X will show complete sex linkage and those in the unpaired portion of 
the Y will show male-to-male inheritance. The spindle attachment is believed 
to be in the pairing segment (see Fig. 23, p. 81). These conditions are 
essentially similar to those found in the Norway rat (Roller and DarKngton, 

^ 934 )- . 

Russian workers have made important contributions to human cytology. 

Chruscov (1934, 1935) appears to have been the first to make cultures of 
human leukocytes for the study of the chromosomes. Varela and Saez 
(1934) removed bone marrow cells from the manubrium of the sternum or 
from the tibia under local anesthesia and cultured them for chromosome 
studies. It is to be hoped that such methods will be followed up, as they 
should make possible the determination of the chromosome number and 
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morphology in any individual. Kemp (1929) made careful earlier counts of 
48 from the spleen and liver of a human embryo and from fibroblasts of vari- 
ous organs in tissue culture. In certain cases he found only 47 chromosomes. 
Schachow (1926) found 48 in the decidua of embryos, 24 in cells of the 
chorion (84 counts) with occasionally 23 or even only 8. Probably the counts 
of 24 resulted from fusion of pairs. This is frequently a result of the treat- 
ment, but it might be a natural somatic synapsis. Shiwago and Andres 
(1932) found 24 pairs in spermatogenesis, including an XY pair, the X being 
about three times the length of the Y. 

Andres (i933) studietl polyploid conditions in spermatogonia. He 
found cells having 2, 3, 4, occasionally 5 and once 7 nuclei. The three 
nuclei in one spermatogonia! cell contained respectively ca. 45, 39 
and 36 = 120 chromosomes. A cell was also observed with three nuclei 
and at least 60 bivalents, but no other irregularity. In addition to 
multinucleate cells there were spermatogonial nuclei with a single giant 
group of chromosomes, ca. 150-200. Six late prophase groups in giant 
spermatogonia were analyzed. In four the count was 96, one 97, one 98 
(hence tetraploid). In two spermatocytes 48 bivalent chromosomes 
were counted. The second reduction division was seen in two such 
si:>ermatocytcs, and two giant spermatids were observed. Hence it is 
clear that typical giant spermatids and sperms with 48 chromosomes 
are formed, although the multinucleate spermatogonia probably pro- 
duce several-headed sperms, such as have been observed. The existence 
of diploid sperm makes possible the occurrence, as a rarity, of 3 n 
individuals with 72 chromosomes. Their sex chromosomes could be 

(1) XXX, (2) XXY or (3) XYY. (1) would be a triploid female, 

(2) perhaps an intersex, and (3) might be a hypermale. 

In a morphological analysis of human chromosomes, Andres and 
Navashin (1935) used the ovaries of four to five months embryos, the 
testes of two Russians, scrapes from a uterus, the amnion of an eight to 
nine weeks foetus, tissue cultures of embryonic lung and embryonic 
mesenchyme, a culture from the skin of a man sixty years old who had 
Karposi’s sarcoma, and the testis of a Japanese. From a study of 
thirty-four orthoploid sets they distinguished the ten largest pairs of 
chromosomes, all differing in size and in the position of the spindle fibre 
attachment (i.e., in shape). Number 9 was a rod-shaped chromosome 
with a satellite, evidently the X. The loth also was a rod with sub- 
terminal spindle attachment. Measurements showed that chromo- 
somes Nos. I, 2 and 3 were considerably longer in Japanese thcUi in 
Russians, while Nos. 4, 6 and 8 coincided in length. Painter (1923, 
1924) found that in the Negro the largest chromosome was J -shaped 
(No. 2) and Oguma (1930) compared the chromosomes of Japanese and 
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Belgians. There is thus already evidence of differentiation in the karyo- 
types of different human races, as well as inversion in certain chromo- 
some segments of a population 

In an extended study nf the somatic chromosome complex in human em- 
bryos, Andres and Jiv (1936) found many variations from the diploid 
number, 48. About 49 per cent of cells were orthoploid. In the rest the 
numbers ranged from 32 to 73 chromosomes, but no essential differences 
were found between the extra-embryonic and embryonic tissues. The cells 
of epithelium, brain, mesenchyme of the skin, lung and intestine, epithelium 
of lung and intestine, showed in the main the same karyological picture. 
Unfortunately, no studies were made of such organs as liver, kidney and 
thyroid. The variations were attributed mainly to non-disjunction of one 
or several pairs, but fragmentation, association and elimination probably 
played some part. Among 900 cells in which counts were made, 6.4 per cen 
showed departure from a normal spindle. 

In a study of eleven foetal ovaries of age two and one-half to eight 
months, Andres and Vogel (1935, 1936) found that the egg nucleus remains 
in the zygotene (paired thread) condition until the maturity of the follicle. 
Graafian follicles were sometimes found containing 2 or 4 ova. There were 
48 chromosomes, including XX and the 10 recognizable pairs. A few oogonia 
showed polycentric mitoses, and lagging chromosomes which were elim- 
inated, leading to irregular numbers. In one oogonium 87 chromosomes 
were counted and it is evident that tetraploid germ cells may be formed 
during oogenesis, just as they are in spermatogenesis. That being the case, 
individuals with 3 n and 4 n chromosomes may be expected to arise occasion- 
ally. The probability of their occurrence is increased by the fact (Fank- 
hauser, 1941) that 3 n and 4 n salamanders can be produced. They are not 
gigantic, having larger but fewer cells. Fankhauser (1940) also found a 
pentaploid newt larva with larger cells and nuclei. He has since (1945) 
compared the effects of polyploidy (and haploidy) on the size of nuclei, cells 
and body in Amphibia, as well as the effect on rate of development, physi- 
ology and other features. 

The occurrence of polyovular Graafian follicles in man and various 
mammals is. recorded by Kennedy (1924). He concludes that it is not 
extremely rare, having been recorded in the human ovary by five 
different authors. He published photographs of polyovular and biovu- 
lar follicles in the dog, cat and rabbit, and they have since been recorded 
in various other mammals. Such occurrences in woman serve as the 
basis for the production of some twins and multiple births (see Chap. 
XXI). A case of twin pregnancy with a single corpus luteum is de- 
scribed by Wieman and Weichert (1936) and is believed to have been 
from two egg cells in a single follicle. A remarkable case on record is 
that of a negress of eighteen (Arnold, 1912) whose ovaries (both normal) 
were removed. Practically every follicle in both ovaries contained more 
than one ovum. There were 88 large follicles, 35 contained two oocytes, 
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lo contained three, 20 contained four, i contained eleven and i con- 
tained thirteen oocytes. Here was a potential mother of multiple births. 
Such a condition must have been 


germinally determined. Presum- 
ably two egg nuclei from one fol- 
licle after meiosis and the forma- 
tion of polar bodies, would be no 
more alike genetically than egg 
cells from separate follicles. 

Aykroyd (1938) concludes that 
maturation begins in the follicle but 
is not completed before ovulation. 
Figure 22a is a photograph of an 
oocyte, showing Golgi bodies around 
the nucleus. By use of the ultra- 
centrifuge, she finds in the cyto- 
plasm of human oocytes cholesterol 
(containing fat), Golgi bodies and 
mitochondria. E. Allen et al. (1930) 
found tubal ova in the second matu- 
ration division with adherent polar 
bodies. In a case of twin eggs, one 
in each tube, the diameter, including 



Fig, 22a. Photograph of human oocyte. 
(After Aykroyd) 

Hamilton (1944) shows that the second 
until after ovulation, but the number 


the zona pellucida, was 131-134 m- 
maturation spindle (Fig. 22b) persists 
of chromosomes present was not determined. 



Fig. 22 h. Photograph of human oocyte. (After Hamilton) 
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That the possible peculiarities in human reproduction are not yet ex- 
hausted is shown by the work of Nicholas and Hall (1942) on rat embryos. 
They isolated the two blastomeres of a fertilized dividing egg in the two-cell 
stage and obtained development of each in utero up to stages of gastrulation. 
In another experiment two fertilized eggs were caused to fuse. This fusion 
product later produced in utero a giant individual, somewhat abnormal but 
with nuclei of normal size. This type of giant has also been found in Ascaris 
and in Nemertean worm embryos. 


Tissue Polyploidy and Polyteny 

That polyploidy of the nuclei in certain tissues is a constant feature 
of ontogeny in many insects is now well known. Frolova (1929) found 
that in Diptera the cells of the tracheae, the fat bodies, Malpighian 
tubules and rectal gland were regularly 4 w or 8 and that many organs 
of the larvae were polyploid. In sawflies, Sanderson (1933) found 
tetraploid hypodermal cells and large fat cells and oenocytes which 
were i6-ploid. Berger (1938, 1941) and earlier workers showed that in 
the mosquito, Culex pipienSy where 2^ = 6, the epithelial cells of the 
pupal ileum undergo polyploidy during development to as many as 
96 chromosomes (32 n). This multiplication of chromosomes during 
the larval resting period can take place in the resting nuclei and is 
believed to be followed by a series of somatic reduction divisions until 
the diploid condition is again reached. 

A full review of somatic polyploidy in plants is given by Srinath (1939). 
Tetraploid sectors of a root are of frequent occurrence in some plants and 
occasional tetraploid cells or groups of cells have been found in other tissues. 
Binucleate and 4 n pollen mother cells have also been described a number of 
times. In Calceolaria, Srinath found not only somatic doubling but also a 
hexaploid cell in a tetraploid root and triploid cells in the root of a tetraploid 
species, thus showing both gain and loss in sets of chromosomes. 

Freerksen (1933) made a study of nuclear volumes in the different 
organs of guinea pigs and rabbits and their embryos. They were found 
to fall into classes with volumes 1:214:8 • • • 256, i.e., nine size 
classes, Ki nuclei having a volume of ca. i when fixed in Zenker 
fluid. Erythroblasts of rabbits fell in classes Ki , K2, K3. K5 was found 
in most organs except those of the central nervous system. K6 is 
present in liver, kidney, thyroid, cornea, etc.; K7 in fibroblasts and 
other cells; K8 in germ cells, the cerebrum, Purkinje cells, etc.; K9 in 
the cerebrum and Gasserian ganglion (guinea pig). The volume classes 
of rabbit and guinea pig agree, except that Ki is not found in the latter. 
The growth and division of nuclei thus follow volumetric laws, some 
nuclei remaining the same size as in the fertilized egg while others 
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become either larger or smaller. The relation of these nuclear sizes to 
polyploid or polytene (multiple strands in the chromosomes) conditions 
remains to be determined. Nuclear size may be merely correlated with 
the amount of nucleic acid, but the larger sizes may indicate polytene 
conditions. 

Similar measurements of nuclei made by G. Hertwig (1935) in Drosophila 
indicate that the same volumetric relations hold for insects as for mammals, 
the size classes falling into the same series. The giant “salivary” gland cells 
have nuclei 256 times as large as the smallest tissue cells. It has been 
assumed that some giant salivary chromosomes consist of 8 parallel strands, 
but if the volume relationships of the nuclei are an indication of the degree 
of polyteny (internal division into strands) of the chromosomes, the number 
of strands should be 256 since the chromosome number is unchanged. The 
evidence indicates that in some animal tissues (unlike plants) the nuclei can 
increase in size by undergoing polyteny instead of polyploidy (multiplication 
of chromosome number). Painter (1940) has discussed .some of these rela- 
tions, but in most animal tissues the relation between the duplication of 
strands and the division of chromosomes, or the degree to which one can 
replace the other, remains obscure. 

Jacob]' (1935) made an elaborate study of nuclear volumes in 
human tissues. In the liver he found nuclear volumes of i : 2 : 4 or 
128 : 256 ; 512 m’ (Ki) K2, K4), while in the newborn they were nearly 
all Ki (a few K2), indicating a progressive later increase in size by 
definite steps which he ascribed to “amitosis.” In mouse and rat livers 
he had previously found four sizes in the same scries — Kl , K2, K4, K8. 
Human thyroid showed Ki, K2 and a few K4, while spinal ganglion 
cells were K8, K16, K32. Pancreas, parotid and lachrymal glands were 
Ki, while the smallest nuclei were in erythroblasts (normoblasts) 
and microlymphocytes K^. Epithelial cells (thymus), rod cells of the 
retina and spermatids contained nuclei whose size was K^. Jacob] 
suggests that increase of the chromosome size may take place, to 
account for the geometric increase in nuclear volumes. If polyploidy 
were involved and Kl nuclei had 48 chromosomes, K8 nuclei should 
have 384. He produces no cytological evidence of any change in 
chromosome number. Collin and Florentin (1930) confirmed Jacobj’s 
earlier work. Using the infraorbital gland of the white rat, they found 
nuclear volumes in the ratio i : 2 : 4 : 8, ascribing the results to endomi- 
tosis or endoamitosis of Heidenhain. 

Jacobj’s hypothesis of rhythmic nuclear growth is subjected to criti- 
cism by Wermel and Ignatieva (1932), who apply statistical methods 
and conclude that in the multipeaked curves one peak is usually very 
high and that the cause of the character of these asymmetrical curves is 
undetermined. In continuation of earlier work by Clara on the effect of 
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poisons on nuclear size in rabbits, they find (1933) that trypan blue and 
novarsanol cause enlargement of the cells by 30 to 50 per cent or more 
in frogs and rats, e.g., in liver and kidney. There is said to be a marked 
increment of chromatin in the nuclei and an increase in the number and 
size of the nucleoli. None of this work is cytologically critical in show- 
ing whether (normally or as a toxic effect) the increase in nuclear 
volume arises from polyploidy or polyteny, or neither. Biesele, Poyner 
and Painter (1942) throw light on this relation, which is at least partly 
due to polyteny (see Chap. XXVI). 

Beams and King (1942) show that when two-thirds of the liver is removed 
from white rats the remaining cells divide rapidly by mitosis. The frequent 
binucleate cells they find arise from failure of cell division following mitosis. 
When such binucleate cells undergo a further mitosis two 2 n or one 
nucleus may be produced. Cells were found which were believed to be 
i6-ploid. This appears to explain the increase in size, at least of liver 
nuclei, on a polyploid basis, but the long progression of sizes found in dif- 
ferent organs requires further elucidation. Undoubtedly polyploidy and 
polyteny (as in the salivary glands of Diptera) are more important in animal 
ontogeny than has hitherto been recognized. 

Groat (1933) and others find that in leukemia the dividing leucocytes 
show approximately the haploid number of chromosomes. He studied over 
200 mitoses from 12 different cases and found the chromovsome number to be 
usually 24. But in view of the well-known clumping of pairs in human chro- 
mosomes, the haploid condition of these leukemic cells can hardly be 
regarded as proved. 

Biesele (1944) , in a recent study of nuclear size relations in rat tissues, 
fails to confirm Jacobj’s theory of rhythmic doubling in volume. He 
finds that in normal tissues the number of plavsmosomes remains at six 
and that the larger chromosomes are not polytenic. It is doubtful, 
however, whether an increase in the number of nucleoli should be 
expected in polytene chromosomes. Biesele concludes that the differ- 
ence in chromosome size from one cell type to another depends on the 
development of the euchromatin. Organs with larger nuclei, having 
more euchromatin, also synthesize more enzymes. The increase in 
mean chromosome volume is also closely paralleled by the total con- 
centration of B vitamins (except inositol) in the cells. 

Brummelkamp (1939) finds that the nuclear volume of the neurons 
in the cerebral_ cortex varies from species to species of mammals by 
multiples of V 2. He also finds that in liver cells, testis interstitial cells 
and carcinoma cells the nuclear volumes vary in multiples of \/2, The 
significance of these relations is obscure. Biesele, Poyner and Painter 
(1942) throw light on this relation (see Chap. XXVI), which appears to 
be partly due to polyteny. 
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Chapter IV 
LINKAGE 


T he first case of genetic linkage was discovered in the sweet pea 
by Bateson and Punnett in 1906. As a result of the work of 
Morgan and his school with Drosophila melanogaster it was clear by 
about 1910-1915 that the number of linkage groups corresponds with 
the number (4) of chromosome pairs. Punnett (1923) found in the 
sweet pea, with n ^ ^ chromosome pairs, that there were 7 (or 8) 
linkage groups. In maize, with n == 10, 10 linkage groups are well 
known. Schick (1934) showed that in the snapdragon with n = 8, the 
68 tested genes fall into 8 linkage groups, while MacArthur (1934) 
found that in the tomato (n = 12) 20 genes were located on 10 different 
chromosomes. In several other species of Drosophila {D. Willistoni 
n = 3, Z). pseudoobscura n = virilis n — 6 ) the number of linkage 
groups is known to correspond with the chromosome number. This 
correspondence was one of the final proofs of the chromosome theory. 
Clark (1935) found a genetic marker for a fourteenth chromosome in 
the mouse, in which 16 characters had been tested and n = 20, but 
Griineberg (1943) recognizes only 8 linkage groups. Castle (1940) 
lists 19 loci in 4 different chromosomes (linkage groups) of the rabbit 
(n — 22), one locus having as many as 6 multiple alleles. Once marker 
genes are known for many different chromosomes it becomes relatively 
easier to fill in the map by tests of further genes. In the fowl, Hutt and 
Lamoreux (1940) show that 23 gene mutations belong in 6 linkage 
groups, 8 of these genes being in the X-chromosome, which has been 
identified by its small V-shape. Mather (1938) has given an account of 
the general principles of linkage measurement. 

Extensive chromosome maps of these and other organisms are now 
in existence and still growing, the relative positions of the genes in a 
chromosome being determined by the frequency of crossing-over be- 
tween them, whereas genes in different chromosome pairs show free 
assortment, with ordinary Mendelian ratios of the pairs of characters 
involved. In man there should ultimately be 24 linkage groups, but it 
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will probably be a long time before marker genes are known for all 
24 pairs of chromosomes. Many more or less certain cases of linkage are 
referred to in later chapters. A list is given at the end of this chapter, 
and a number of other possible cases require further testing. Before 
any character can be accepted as marking a new linkage group, it must 
be tested with at least one member of every linkage group already 
known, so a chromosome map can be built up only very gradually. It 
is of course an advantage that the genes used as markers in man should 
be common ones, and so in recent years efforts have been made to deter- 
mine whether there was linkage between various genes of widespread or 
universal occurrence. In small human families the coupling and re- 
pulsion ph^ises are not readily distinguished. Coupling of course occurs 
when both the genes being tested are in the same chromosome, and 
repulsion when one is in each member of a pair. 

As with animals, the first cases of linkage in man were between 
sex-linked characters. Such characters, being linked with sex (i.e., in 
the X-chromosome), are naturally also linked with each other. Mad- 
lener (1928) discovered a family in which hemophilia and color-blind- 
ness were both present in three males (see Fig. 217, p. 594). Bell and 
Haldane (1937) give further information about this family. Before 
considering the more intricate problems connected with sex-linkage, we 
may take up the present evidence regarding non-sex-linked or autoso- 
mal characters in man. With a view to constructing chromosome maps, 
it is almost equally important to show that any two factors are linked 
or that they are definitely not linked. Snyder (1926) showed that 
various claims of linkage between particular diseases and the blood 
groups were not on a sound statistical basis. At the same time he 
determined the probable independence of eye color, the blood groups 
and recessive polydactyly; also of telangiectasis and the blood groups. 
Attempts have been made to show linkage even between the blood 
groups and hemophilia, although the former are autosomal and the 
latter in the X-chromosome ! 

There has been continual advance in methods of detecting linkage. 
Bernstein (1931), using the blood groups, first pointed out that linkage 
could be detected and estimated from data of parents and children only, 
thus making possible the construction of human chromosome maps. 
Employing statistical methods, he confirmed the opinion of Landsteiner 
and Levine that the AB blood groups are independent of the MN blood 
types (see Chap. XVI). Wiener (1932) pointed out that in such families 
the offspring can be divided into three classes: linked, cross-overs, and 
indeterminates, the last being discarded in the analysis. The fre- 
quencies of the other two classes can then be compared with the expec- 
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tation for various assumed linkage intensities, and the linkage deter- 
mined in this way. Hogben (1934) introduced refinements into these 
methods. When dominance is complete, the following three classes of 
matings give the proportions of phenotypes which depend on crossing- 
over values: 

1. AaBb X aabb 

2. AaBb X Aabb (or AaBb X aaBb) 

3. AaBb X AaBb 

Bernstein showed from (i) and (2) how to determine linkage when Aa is 
distinguishable from AA, and Bb from BB, but in man they are gen- 
erally indistinguishable or the character of the homozygote is unknown. 
Hogben derived a more general expression and drew up tables for test- 
ing the gene linkage. He points out that since rare dominant genes can 
be assumed to be all heterozygous without serious error, Bernstein’s 
product method can be used to assign a cross-over value regardless of 
cither inbn^eding or homogamy (mate selection). This is not true of 
rare reccvssives, in which the method will detect linkage but not cross- 
over values. 

Haldane (1934) extended these methods for detecting autosomal 
linkage, including the case of three allelomorphs, and developed a 
number of new formulae for linkage of various types of autosomal 
genes. Two of these apply to the linkage relations of a rare dominant. 
His paper applies the principles of statistical estimation compre- 
hensively to the problems of linkage in man. Fisher (1934a) compares 
the proband method with the sib method of collecting family data for 
statistical pur[)oses. The proband method is valid only for data in 
which ascertainment is complete within definite limits of space and 
time, i.e., where the condition of all the members in a pedigree is 
ascertained. The sib method is of wider application where ascertain- 
ment is imperfect, provided that frequencies are based on the number 
of individuals rather than the number of families. Formulae are given 
for use with both methods. Fisher (1934b) shows how the limitations 
of Haldane’s methods can be determined, and that the amount of in- 
formation regarding linkage derived from family records can be cal- 
culated from the theoretical frequencies of different kinds of families 
or paternal gene combinations, expressed in terms of the linkage value 
to be estimated. In another paper (1934c) he shows how the process of 
simultaneous estimation is a still better method when the two types of 
double heterozygotes are for any reason unequal or uncertain, or when 
information is available regarding the grandparents. In another note, 
Fisher (1939) discusses methods of estimating linkage between auto- 
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somal genes and the effects of differential viability, developing expres- 
sions for close or loose linkage in the coupling or repulsion phases. 

In a further paper, Fisher (1935a) points out that for dominant genes 
all types of family but one are adequately treated by Haldane's method, 
using Bernstein's method of scoring families. He gives an alternative u 
statistic for scoring back-cross families, which is applicable to all cases 
and enables families of different size to be combined. For the detection 
of linkage of recessive genes (Fisher 1935b) allowance has to be made 
for the selection of families having one or more affected children, be- 
cause in small families two normal parents may both be heterozygous 
and yet have no affected children. Families can be used in which one 
or both parents are unknown, with relatiyely little loss. Mather and 
Philip (1940) used linkage with marker genes to determine whether 
harelip and cleft palate — a condition with incomplete penetrance — is 
represented by different complementary or analogous genes, in different 
pedigrees (see p. 822), i.e., whether all forms of harelip are determined 
by the same gene. 

Snyder, Burks and Penrose independently realized that data for 
linkage could be derived from one generation only. Penrose (1935) 
showed that it was possible to determine autosomal linkage from sibs 
alone, without any knowledge of the parents. Children can thus be 
examined in schools and other institutions. His paired sib method is 
based on the principle that, when pairs of sibs are taken at random 
from a series of families, certain types of sib pairs will be mo^e frequent 
if there is linkage than if there is free assortment of the characters 
studied. He applied this simple and effective method to sixty sibling 
pairs on which records were made of (i) the ABO blood groups, (2) blue 
eyes, (3) bright red hair (regarded as a simple recessive, with reddish 
hair and freckles as the heterozygote). The blood groups were inde- 
pendent of eye color, and red hair was independent of blue eyes; but a 
random distribution of red hair and blood group A would only give the 
results obtained once in thirty times, so there is a possibility of linkage 
of these two genes. 

Fisher (1935b) pointed out that the value of the data from large 
families would be much enhanced by scoring the families individually 
instead of classifying all the sib pairs in a fourfold table. Finney 
(1941a, b), using Boyd's (1941) blood group and taste data, shows how 
partial information regarding a character in parents can be utilized in 
addition to that from sibs, in determining linkage. The efficient score 
is the sum of the scores for every possible mating which could show 
crossing-over in the offspring, each multiplied by the probability that 
these matings were the true ones. He gives expressions also for families 
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in which parental testing is incomplete for one gene only. In this way a 
fivefold increase in precision may be obtained; but there is still no 
indication of linkage between the genes for (i) ABO, (2) MN and 
(3) taste-blindness (Tt) or between any of these and sex. Snyder, Baxter 
and Knisely (1941), using the method of sib pairs on 64 sibships, con- 
firmed the independent inheritance of the blood groups, the blood types 
and taste reaction to PTC. Finney (1942) extends this principle of 
efficient scoring systems to the determination of linkage from sibships 
only. The new technique involves considerably more labor in computa- 
tion than the simple method of paired sibs, but the latter yields only 
20 to 70 per cent of the information regarding linkage which can be 
derived from the new method. There is a marked advantage in includ- 
ing the parents whenever possible. Wiener (1943, p. 375) points out 
that the paired sib method necessarily includes many sibships which can 
yield no information regarding linkage. 

In human families generally only two generations are available for exam- 
ination and it is usually impossible to state whether two genes for which a 
parent is heterozygous are in coupling or repulsion (i.e., whether they are 
both in the same chromosome or one in each member of a pair). Hence the 
children cannot be classified as cross-overs or non-cross-overs. To overcome 
this difficulty, Finney (1943) combines the evidence from different families, 
assuming that coupling and repulsion are equally frequent and applying the 
principles of efficient scoring to the problem. 

Hogben and Pollack (1935) tested the ABO blood groups and. the 
ability to taste phenylthiocarbamide (Tt) in sibs and parents of fra- 
ternities containing individuals having (a) Friedreich’s ataxia and 
(b) brachydactyly. In Drinkwater’s brachydactyl families the number 
of brachydactyls had increased from 49 to 63. While the numbers 
tested were not large enough to give a definite result, no evidence was 
found of linkage between Friedreich’s ataxia and taste-blindness or 
blood groups, nor of linkage between brachydactyly and these two 
conditions. Probably the blood-group locus, that for taste-blindness 
and for Friedreich’s ataxia, are all in different chromosomes. There is 
still the possibility that brachydactyly and Friedreich’s ataxia might 
be linked. Fisher (1936a), in a criticism of Hogben and Pollack’s paper, 
shows that while the numbers tested were not large enough to show 
linkage if it existed, yet by testing for homogeneity of data, one family, 
unlike the other eleven, has a constitution strongly favoring linkage of 
Friedreich’s ataxia with the blood groups. 

By applying the x* test to randomly collected sibships tested for taste 
reaction to PTC, Cotterman (1937b) shows that the character is behav- 
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iiig as a unit. This test can he applied to the data where there is any 
doubt al)out the genic nature of the character studied. 

Various instances of presumed autosomal linkage, such as that be- 
tween eye color and hair color, are known. Beeidle (1926) observed in a 
family that those with certain missing teeth were mostly dark haired 
(see p. 358). He suggested 10 i)er cent of crossing-over in the male. 
Tomesku’s pedigree (Fig. 145, p. 412) shows linkage between clino- 
dactyly and brunet complexion. Burks (1937), following this clue, 
found that in various other families congenital absence of certain teeth 
is linked with hair color, the estimated rate of crossing-over being 
13 to 15.5 per cent. She also found evidence in families of linkage 
between myopia and eye color. In a further account (Burks, 1938) the 
recombination ratio was found to be about o.io. In a fuller study 
(Burks, 1941) of fifteen families from data in the Eugenics Record Office 
and fourteen other families obtained through clinics and visited in the 
field, the latter were X-rayed to determine the congenital absence of 
teeth, and only children over fifteen years old were included. Contrary 
to dental opinion, congenital missing third molars (wisdom teeth) are 
attributed to the same factor which determines missing incisors and 
premolcirs. The deficiencies are irregularly distributed in the jaw, like 
the missing bristles In DrOvSOphila in the presence of the genes dichaete, 
hairless, scute and echinus. Probal)ly In some pedigrees missing third 
molars is the sim[)lex (heterozygous) condition and missing anterior 
teeth the duplex condition. The relation of peg or rice teeth to missing 
teeth was not clear. Undersized lateral incisors appeared to be linked 
to hair color, but it was not determined whether this condition is an- 
other gene allelic to deficient anterior teeth or a simj^Iex exi)ression of 
the same gene. Using the method of like and unlike sib pairs, and 
applying the x“ test to fourfold tables of sib concordance and discord- 
ance in tooth deficiency and hair color, Burks found a recombination 
ratio of o.io for the ETR.O. material and 0.025 for the field data. 
Possibly this difference may be connected with differences in ascertain- 
ment. 

Nielson (1940), in a note, cites a family in Utah in which three out of 
sixteen children in a sibship have albinism combined with certain ocular 
defects not associated with albinos. Finney (1941c) found that twenty- 
six out of sixty-six families from the data of Zieve, Wiener and Fries 
could be used as evidence of linkage between the ABO blood groups 
and allergy, with a recombination value of 22.8 per cent.^ Mumo, 
Penrose and Taylor (1941) analyzed twenty-five sibships by the eib- 

1 Bernstein et al. (1943) this claim of linkage unjustified. They also find that the 
MN blood types are probably independent of allergy. 
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pair method and found some evidence of linkage between ABO and 
phenylketonuria. Race, Taylor and Vaughan (1941) tested patients 
with acholuric jaundice for possible linkage with ABO, MN, AB in the 
saliva (secretor hictor), taste for PTC, iris color, attached or free ear 
lobes and hair color. If this battery of tests can be carried out on suffi- 
cient numbers, they should give further valuable evidence regarding 
the linkage of some common genes. 

Penrose (1938) has developed a method for detecting linkage between 
graded or quantitative characters. From recorded data on the grades 
of two characters in pairs of sibs, the degree of linkage can be deter- 
mined. He shows that the estimation of linkage in characters without 
dominance in a random population is independent of gene frequency. 
These methods can also be adapted for the study of dominant or reces- 
sive characters. 

We may now pass to the consideration of sex 4 mkage, Davenport 
(1930) cited fourteen sex-linked genes in the X-chromosorne and looked 
for cases of linkage between them. He collected a number of families 
with hemophilia, in one of which (the Gross family) color-blindnCvSS was 
also prCvSent, but no individual had both. In this family, in four genera- 
tions there were 8 cases of color-blindness (7 cT 1 9 ) and 4 of hemophilia. 
One woman had two vsons with hemophilia and two color-blind sons as 
well as three normal daughters. It would be supposed that one of her 
X-chromosomes carried h (hemophilia) and one c (color-blindness). 
But her father was normal and all her eincestors and relatives were free 
from hemophilia. Hence probably the h gene arose as a mutation in one 
of her father’s germ cells, although the possibility is not excluded that 
she was a mosaic resulting from somatic mutation in her ovarian tissue. 
Bell and Haldane (1937) calculate the probability of a mutation in this 
case as ca. 0.00025 4000 : i. Levit (1936) found al)out eleven genes 

loceited in the X-chromosome. 

Cheiracters will be completely sex-linked only when they remain al- 
ways in the X- or the Y-chromosome. In previous chapters we have 
seen from the cytological evidence that the X and Y have (i) certain 
homologous portions between which crossing-over can take place, 
(2) certain non-homologous portions, and (3) a large portion of the 
X has no homologue in the shorter Y. It is clear that the sex-deter- 
mining part of the X must be that part in which there is normally no 
crossing-over, but it is possible that some human intersexes may arise 
through occasional crossing-over in this region. Crossing-over between 
the sex chromosomes is already well known in three genera of cyprino- 
dont fishes (Aida, 1930; Winge, 1923), in which the X and Y are not 
visibly differentiated from the autosomes. Morgan (1926) suggested 
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that in Lebistes the X consists of an autosomal part in which crossing- 
over takes place and a sex-determining part in which crossing-over is 
excluded. Winge (1934) has shown that each of the autosomes contains 
factors making for masculinity or femininity. By selected crossings it 
was thus possible to accumulate them and obtain males that were XX 
instead of XY, as well as XY females and YY males. The allelic series 
of eighteen male-sex-linked genes for color patterns were found to be 
constantly located at one end of the Y, in the same locus as the very 
strong male sex factor of the Y. Winge’s view is that this male gene 
at the same time produces one of the series of color patterns. In that 
case it would be pleiotropic in its effect ; but it is pOvSsible that the color 
gene locus is so close to the male gene that crossing-over rarely or never 
occurs between them. In fact it is difficult to believe that two such 
different effects as sex and a specific color pattern can be produced by 
the same gene. In any case it is clear that the XY mechanism in fishes 
is less stabilized than in mammals, although intersexes seldom occur. 

Crossing-over between the X and Y, although rare in Drosophila, 
has been observed by Philip (1935) in D, melanogaster. Both double 
crossing-over and inverted crossing-over were found, the frequency 
being only i in 3000. The locus for bobbed bristles, which crossed over, 
was found to be near the end of the region common to X and Y, prob- 
ably at the distal end. Bobbed is thus partially sex-linked. 

In an important paper on incomplete sex-linkage in man, Haldane 
(1936) developed statistical methods for detecting such partial linkage 
and obtained more or less definite evidence that the following six con- 
ditions were in this category: xeroderma pigmentosum (recessive), 
achromatopsia (total color-blindness, recevSsive), retinitis pigmentosa 
(the recessive form not associated with deafness and not completely 
sex-linked), retinitis pigmentosa (dominant form, in some pedigi'ees), 
Oguchi’s disease (recessive), epidermolysis bullosa dystrophica (re- 
cessive form). These conditions are all discussed in later chapters. The 
two forms of retinitis pigmentosa may be alleles, but there is no cer- 
tainty about this. It will be seen that five of these conditions arc 
recessive, one dominant. Also four of them pertain to the eye, two to 
the skin; all are ectodermal, but this may be only chance. 

If a gene A is located in the part of the X which is homologous with 
the Y, then a heterozygous female will be of the constitution AX • aX 
and any crossing-over which may occur between her X-chromosomes 
will not show in her offspring. A heterozygous male will be of the con- 
stitution aX • AY if he inherited A from his father, and AX • aY if he got 
the A from his mother. With a limited amount of crossing-over, A will 
thus be transmitted by the male preferentially to those of his children- 
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who are of the same sex as the parent from whom he derived it. If a 
male is aX • AY, most of his sons will receive the A gene, if AX • aY, most 
of his daughters will receive it. Phenotypically of course the two geno- 
types aX • AY and AX • aY are indistinguishable. 

On the basis of the cytological results, especially of Roller (1937), 
and the genetical results of Haldane, we have sketched in Fig. 23 a 
tentative map of the X- and Y-chromosomes, showing the relative 
positions of satellite^ :ind centromeres and roughly the relative lengths. 
The X is about three times the length of the Y, about two-thirds of it is 
non-pairing, and the centromere is so placed that the shorter arm 
(inner segment) is one-fifth to one-third that of the longer arm (outer 
segment). The occurrence of chiasmata in both arms indicates that the 
length of the pairing (homologous) segment is over fifty cross-over 
units. Hence genes located at the ends of this segment should show 
very little sex-linkage. Haldane drew up a tentative map of the human 
X-chromosome (see Fig. 23), based on cross-over values, but as these 
are still subject to considerable uncertainty, the order of some of these 
genes may be changed, and some may even be found not to cross over. 

In a discussion of this work, Fisher (1936b) points out the need for 
accuracy and completeness in recording the sex and relationship of all per- 
sons both affected and normal, in pedigrees, in order to obtain linkage data. 
He shows how, with three different methods of treatment, using ancillary 
’nformation or avSsuniing single or complete ascertainment, the “order’' of 
at least four of these genes would be changed. To the map have been added 
five genes in the non-homologous part of the X. They are Leber’s optic 
atrophy, near the junction of the two parts of the X, hemophilia, deuter- 
anopia and protanopia, myopia. 

Recessive spastic paraplegia (Haldane, 1941) has since been added 
to the list of partially sex-linked genes, but its position in relation to 
other genes in the X is unknown. 

In the case of partially sex-linked recessives it can easily be shown 
that the 3 : i ratio in sibships will be disturbed, and there will be an 
excess of some classes and a deficiency in others. In other matings, 
where the gene was received by the father from the other paternal 
grandparent, the distortions will be in the opposite direction. If, for 
instance, in the non -cross-overs the daughters are all a and the sons 
half A, in the cross-overs the daughters will be half A and the sons all a., 

Burks (1937) criticized Haldane’s results with retinitis pigmentosa. 
To the 89 sibships used by him she added 25 from the Eugenics Record 
Office and 40 from other sources, making a total of 154. The fuller data 
and certain corrections lead to the conclusion that dominant retinitis 
pigmentosa shows partial sex-linkage, although Haldane’s two- 
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gene hypothesis of one dominant autosomal and one incompletely sex- 
linked gene requires further test. For recessive retinitis pigmentosa 
with deafness, Haldane’s provisional negative conclusion is cor- 
roborated. In some of these families the deafness is partial, in some 
it is complete and congenital, in some all the cases of retinitis pig- 
mentosa are deaf and none of the unaffected are deaf ; in others, deafness 
or retinitis pigmentosa can occur separately in a pedigree. Hence there 
may be two independent or linked genes, for retinitis pigmentosa and 
for deafness. The question of linked genes or variable expressivity 
arises in acute form in some of the medical syndromes. 

In making her calculations, Burks used^Fisher’s (1936b) device allowing 
for the method of ascertainment. For recessive retinitis pigmentosa without 
deafness, which is sex-linked in 15 per cent of pedigrees, the fuller data lead 
to the conclusion that there is no evidence of partial sex-linkage. Haldane 
(1941b) has since added three new pedigrees of retinitis pigmentosa, bring- 
ing the number of children of affected males up to 314 with 143 cross-overs. 

Another probable case of partial sex-linkage was cited by Haldane 
(1938) in Snell’s (1903) pedigree of retinitis pigmentosa (Fig. 76, p. 211). 
Analysis of this pedigree shows the following types of transmission: 

Grandfather — father — >■ son 6 

Grandfather — >- father — daughter 2 
Grandfather — >- mother — son 3 

Grandfather — mother — daughter 2 

Grandmother — father — >- son i 

Grandmother — >- father — daughter 7 
Grandmother — mother — >■ son 2 

Grandmother — >- mother — >• daughter 4 i 

Thus the ratio is, grandparent to grandchild of same sex, 20; grand- 
parent to grandchild of different sex, 7, — a ratio which is far from 
equality. This indicates the usual transmission through the X, but 
occasional crossing-over between the X and Y in the male, and also no 
doubt between the two X’s in the female, although the latter will not 
affect the result. 

Bell and Haldane (1937) considered the crossing-over relations be- 
tween color-blindness and hemophilia. The pedigrees used were two 
new ones and that of Madlener, all of which showed coupling, and those 
of Birch and of Green (the latter in Davenport, 1930) which showed 
repulsion, as well as that of Riddell. The form of color-blindness was 
deuteranopia (green-blindness). The genes for hemophilia and deuter- 
anopia were shown to be closely linked, with a cross-over frequ^cy 
of ca. 5 per cent. Only one actual (not quite certain) case of cro,^ng- 
over occurred in these pedigrees however. Since these two genesjrfever 
cross over from the X to the Y, they must be located in non- 
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homologous part of the X-chromosome. In three of the six pedigrees 
the hemophilia appears to have originated as a mutation, and there is 
much other evidence (see Chap. XIV) of the mutational origin of this 
disease. 

Rath (1938) used two large pedigrees of hemophilia to test crossing- 
over. One was Giinder’s pedigree with about eight hundred descend- 
ants of a single pair in the Saar; the other was the Calmbach pedigree 
in Wurtemburg. They were investigated for red-green color-blindness. 
None was found among nearly one hundred members of the Giinder 
family who were tested, but in the Bott-Barth family of Schloessmann 
it was found in different combinations with hemophilia. A woman, who 
received the gene for hemophilia from her father, also transmitted color- 
blindness, which apparently arose as a mutation, since there was no 
evidence of color-blindness in her ancestry. She had four sons, one 
showing both conditions, one normal, one with hemophilia only and one 
with color-blindness only. Whether the color-blindness was in the same 
X-chromosome as hemophilia or in the other X, crossing-over must 
therefore have occurred. 

Riddell (1937, 1938) found the two conditions present in a family in 
the west of Scotland. One woman was heterozygous for both, having 
derived hemophilia from her father and color-blindness from her 

c *4* 

mother’s father. Her two X-chromosomes could be represented 


Her only son has c but not h, so there was no crossing-over. Her sister 


was almost certainly 


±± 
+ h’ 


as she had three sons, one of whom was 


hemophilic while the other two were normal. In an addendum, Hal- 
dane concludes from this and previous evidence that the cross-over 
value is ± 4.5 per cent. 

White (1940) finds color-blindness (deuteranopia) associated with a 
gene for congenital stationary night-blindness with myopia in a pedi- 
gree of seven generations and 273 individuals, of whom 183 (87 c? 96 9 ) 
are in the direct line of descent. Thirteen of the females were trans- 
mitters, nine more may become so, and twenty male descendants show 
ocular defects. All were descended from a Mr. Shurly, born 1760-1780. 
The three sex-linked conditions were all transmitted by one woman 
(HI. I ) in the pedigree, to her male descendants. The night-blindness 
(which could not be cured by lai^e doses of vitamin A) is either tightly 
linked to myopia or both conditions are due to one gene. The latter 
supposition is improbable, as both are inherited singly in other pedi- 
grees. There is a high rate of crossing-over between this locus and that 
for color-blindness and Haldane calculates the rate of crossing-over 
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at 43.25 ± 4.15 units. Indeed, if both were not sex-linked they might 
be regarded as in separate chromosomes. These genes are clearly in 
the non-homologous part of the X, since there is no crossing-over to 
the Y. 

Hogben (1932) has made an interesting analysis of the mathematical 
correlation between various relatives, such as grandparents, aunt and 
uncle and cousins, in cases of a sex-linked gene, where the families have 
been selected because at least one child is affected. Snyder (1934) 
shows that a random survey of a population containing a recessive sex- 
linked gene such as color-blindness will yield two separate estimates of 
frequency, from the proportion of affected males and of affected 
females. A comparison of these two statistics gives a test of whether 
the gene is sex-linked. Cotterman (1937a) developed formulae for the 
detection of sex-linkage in families collected at random. 

Finney (1939) used Sir Francis Gabon’s records of stature in an 
attempt to determine statistically whether there are any sex-linked 
factors which influence stature. Large differences were found in parent- 
child correlations, but the data did not yield any clear evidence that 
such factors do or do not exist. 

Fortuyn (1939) points out that in the Ccise of a gene like color- 
blindness the number of affected males and of heterozygous females 
is not necessarily the same, because a color-blind male could receive 
his defective chromosome from a heterozygous or a homozygous 
mother, while a heterozygous female could also have it from a color- 
blind father. If the two male genotypes are represented by X and x, 
the three female genotypes will then be XX, Xx and xx. In a popu- 
lation without selection, the five types will become stabilized and 
will show rather simple relations. These should be useful in deter- 
mining the gene frequency of any sex-linked character in a popu- 
lation. In the absence of fresh mutations, the frequency of color- 
blindness, should remain constant, and Danforth (1924) found no evi- 
dence of change in fifty years. If o = % normal 9 9 (XX), 6 = % heter- 

ozygous 9 9 (Xx) and c = % normal cf cf ; then a — , 

, 200a 100 b + 200c — \ac — 2 be 2a-\-b , 

b = ^ ^ , c = — . It may be 

200 2 


deduced that in terms of c (the percentage of normal males) 4 = 

and ^ « 2 ^c — A table is given, from which the compbsitic^'of 

stable populations with various frequencies of normal malea c^ be 
determined. The percentage of normal and affected maled/ ^d of 
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homozygous (normal or affected) females may vary between o and lOO, 
but in a stable population the heterozygous females will never exceed 
50 per cent. It is often supposed that in a freely breeding population 
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Fig, 23, Diagram of the sex chromosomes and some of 
their contained genes. 

linked genes can be recognized by the usual association of the cor- 
responding characters. This is not so, however, but (except in the case 
of complete linkage) linked genes tend to become independently disr 
tributed in the population. 

On the basis of present knowledge, a very tentative map of ^e 
X- and Y-chromosomes can be drawn up (Fig. 23). As already points 
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out, the cross-over values of the genes in the homologous part of the X 
are very approximate and even the order of some may be changed. 
In the non-homologous part, it is known that the genes for dcuteranopiii 
and protanopia are very near together and the cross-over values be- 
tween (i) deuteranopia and hemophilia, (2) deuteranopia and myopia, 
are known, but whether they are on the same or opposite sides of 
deuteranopia is only a guess. Regarding the many other (thirty or 
more) sex-linked genes, it is not yet known whether they are partially 
or wholly sex-linked, so there is no point in trying to locate them at 
present. Probably the bulk of them are in the non-homologous region, 
since they have shown no clear evidence of crossing-over. Leber's optic 
atrophy, however, does show such indications and is probably near the 
point of contact between these two parts of the X. The gene for epi- 
dermolysis bullosa in one pedigree is in the Y with at least one case 
of cross-over to the X. 

We append in Table 4 below (i) a list of genes known to be in the 
X-chromosome, with an indication of those abnormalities which are 


TABLE 4 


LIST OF GENES IN 

I. Genes in the X, 

Color-blindness _ 

Night-blindness 3 * 

Leber's optic atrophy 3 
Myopia (recessive, irregular dom.). 
Megalocornea 3 
Coloboma 
Nystagmus 3 
Microphthalmia 3 
Ichthyosis 
Hemophilia 
Toothlessness 
Pseudohypertrophic 

muscular dystrophy (rec.) 
Pelizaeus-Merzbacher 
brain hypoplasia 
Nomadism 

Keratosis follicularis spinulosa decalvans 
Retinitis pigmentosa 3 
Hypoplasia of iris stroma (dom.) 

Congenital cataract (Stieren pedigree) 3 
Absence of macula with albinism of the eye 
Atrophia gyrata choroideae et retinae 
Detachment of retina 3 
Glaucoma (dom.) 

Myopathy (Vermeylen and Minne) 

Peroneal atrophy 3 

Infantile facio-scapulo-humeral amyotrophy 
(dom.) 


X- AND Y-CHROMOSOME.S 

Progressive muse, dystrophy 3 
Dipsomania (Kroon) 

Lipomata? (dom.) 

Sex-linked factor for mental deficiency 
( Rosa n off) ? 

Dark brown teeth (dom.) 

Deafness (rec.) 

Albinism (i pedigree) 3 
White forelock (i pedigree) 

Keratosis follicularis (dom.) 

Ichthyosis vulgaris (dom.) 

Sebaceous cysts 3 
Psoriasis 3 
Pityriasis versicolor 
Anidrotic ectodermal dysplasia (dom.) 
Absent medial iqcisors 
Syringomyelia (foot ulcers) (dom.) 
Morquio’s disease (i pedigree) 
Thrombopathy 
Cylindromata? 

Spastic paraplegia 

2. Genes in the Y, 

Ichthyosis hystrix 
Black hairs in the ears 
Webbed toes 

Coloboma iridis (?). Sedgwick’s cw 
Cataract (?). Harman’s case / 
Keratoma dissipatum (3 fams.) ■ 


* This indicates characters which are known to be inherited as dominant, r^essive and 
sex-linked. 
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Peroneal atrophy, I case of cross-over, 

X— >*Y 

Kpiderniolysis bullosa simplex (Yaffe) 
Radio-ulnar synostosis (i ped.) 
Hyperextensibility of thumbs? (i ped.) 
Hypermobility of joints (i ped.)? 

Blue sclera & brittle bones (i ped.) 
Adherent tongue (possible) 

Camptodactyly (i ped.)? 


3. Hologynic inheritance {XX), 
Color-blindness (Cunier ped.) 

Sebaceous cysts (i ped.) 

Absence of upper lateral incisors? (Schultz 
ped.) 

Distichiasis (leDouble and Houssay ped.) 
Cataract (Galezowski’s ped.) 

Early decay of teeth? (Sedgwick ped.) 
Ectopia lentis (Cameron)? 


4. Probable or possible autosomal linkages. 

Ptosis and epicanthus with brown eyes and hair 
Color-blindness and a crooked little finger (Macklin) 

Myopia and eye color (probable). Burks io%(?) crossing-over 
Myopia and retinitis pigmentosa (Usher, 1935) 

Myopia and hemeralopia 

Cataract and a sublethal factor (Stieren, 1907) 

Cataract and curly hair (Werner, 1928) 

Absence of macula and aniridia (Vogt) 

Retinitis pigmentosa and deafness 
Retinitis pigmentosa and glaucoma (possible) 

Claucoma and dark eyes (possible) 

Aniridia and syndactyly (possible) 

Brachydactyly and microcornea 

Apical dystrophy and macular coloboma (probable) 

Arachnodactyly and ectopia lentis (may be one gene) 

Cat’s ear and ptosis 

Otosclerosis and susceptibility to tuberculosis 
Otosclerosis and blood groups (Jannuzzi, 1929), probable 
Albinism and mental derangement 
Blond hair and albinism (possible) 

Fair hair, light eyes and piebaldness (Cockayne, T935) 

Monilethrix and dark hair, probable 
Ichthyosis vulgaris and allergy, probable 
Ichthyosis and imbecility (7 Norwegian families) 

Poikiloderma and recessive radial polydactyly, probable 
Alopecia areata and dark hair, possible 
Dystrophy of hair, nails, and blondness, probable 
Leuconychia totalis and epidermoid cysts 
Angiokeratoma and dark hair 

Absence of incisors, molars, and dark hair (Beadle, 1926) 

Opalescent dentine and lamellar cataract and fits, possible 
Defective enamel and juvenile cataract, possible 
Hypertrophied nails and erupted teeth at birth, possible 
Brachymetacarpy and schizophrenia (Miskolczy), p>ossible 
Clinodactyly and brunet coloring (Tomescu) 

Exostoses and red hair (Weber), possible 

Camptodactyly with (i) anonychia pollicum, (2) absence of patella, (3) luxation of head 
of radius 

Eye and hair color with diabetes mellitus, possible 
Erythroblastic anaemia and blood groups (Caminopetros) 

Hemolytic icterus and blood groups? (Hittmair and Auhuber) 

Persistent pupillary membrane and microcytic anaemia? (Hansen and Klein) 

Harelip, cleft palate and cleft hand and foot, probable 
Periodic paralysis and genes for stature, possible 

Myotonia congenita and genes for skin, hair and eye color and nose shape 
Myoclony and epilepsy, possible ^ 

Finger-print patterns and blood groups (Hesch) 

Tylosis palmarum et plantarum and lipomata 
Handedness and D pattern in the 4th interdigital area 
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also autosomal dominant or recessive or both ; (2) a list of genes prob- 
ably or certainly in the Y ; (3) probable cases of hologynic inheritance ; 
(4) a number of more or less definite autosomal linkage groups or 
linked pairs. Some of these may be shown later to belong to one larger 
linkage group. 

The ABO blood groups may be linked with red hair and with Fried- 
reich's ataxia and phenylketonuria. Certain factors for eye, hair and 
skin color are clearly linked, but the gene for red hair is independent 
of eye color. Brachydactyly is probably independent of ABO and Tt 
(taste-blindness). Polydactyly shows no evidence of linkage with 
the blood groups. Using the recent linkage methods, Kloepfer (1943) 
investigated the linkage relations of 19 characters, some of them 
multifactorial and 9 of them not previously used. A study of 223 sibs 
in 27 families gave presumptive evidence of autosomal linkage in 
16 pairs of characters. 
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Chapter V 

EYE COLOR AND HAIR COLOR 


E ye color was the first normal Mendelian character recognized in 
I man, when the Davenports (1907) arid Hurst (1908) independ- 
ently suggested that blue eyes are recessive to brown. The Daven- 
port results were based upon a questionnaire to school principals. 
Hurst examined with a hand lens the eye color of the population of 
an English village and classified eyes as duplex or simplex, according 
to the presence or absence of brown pigment on the anterior surface 
of the iris. It was soon recognized, however, that these distinctions 
were not sharp and simple, and on the fluctuating conditions observed 
was based a denial of the existence of Mendelian segregation (Galloway, 
1912), which nevertheless undoubtedly occurs. Subsequent studies 
have greatly extended our knowledge of human eye color and its 
inheritance. The blue color of the iris is well known to arise from the 
presence of fine particles scattered in the stroma, by which the light 
is reflected, the iris thus appearing blue for the same physical reason 
that the sky is blue. The reflections from a blue dress intensify the 
blue color of a lady’s eyes. When the iris is unpigmented, and rela- 
tively transparent, the retinal pigment may rarely show through to 
some extent. 

It was recognized from the first that blue and broAvn cU'e the two 
ends of a color series in which increasing amounts of yellow or brown 
pigment are present in the iris. Gal ton (1889), in classifying eye 
colors, used eight categories: i, light; 2, blue, dark blue; 3, green, 
blue-green; 4, dark gray, hazel; 5, light brown; 6, brown; 7, dark 
brown ; 8, black. It is still uncertain whether the intermediate shades 
are due entirely to different densities of the brown melanin pigment, 
but this seems probable. “Hazel” and “green” eyes are popular 
terms. These conditions appear to result from different densities of 
scattered yellow or brown melanin with a more or less blue background. 
Since then has come recognition of pattern differences. Hurst (1912) 

defined three patterns of pigment distribution in the pigmented iris: 
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self-colored, in which the brown is distributed all the way to the pe- 
riphery of the iris; ringed, in which the brown is confined to a ring 
around the pupil; and spotted, in which irregular spots and patches 
of pigment occur on the blue background. The iris is blue or light 
gray in the absence of melcUiin pigment, and this is simply the apparent 
color of muscle fibres in the iris as seen through the cornea. The 
stroma or outer layer (connective tissue) of the iris is of mesenchym- 
atous origin and lies in front of the ectodermal layer of the iris. In 
complete albinos it is devoid of pigment and hence red from the blood 
vessels. 

Riddell (1942), after surveying previous attempts to record eye 
colors, has developed a new classification involving multiple categories. 
Eyes were coded according to (a) general color, (b) presence or absence 
of diffuse color, (c) presence or absence of spots or little masses of color. 
The general colors were recorded as blue, gray, green, yellow, tan and 
chocolate, represented by the numerals 1-6. Thus 240 represents a 
gray eye with some diffuse yellow and no spots. A hazel eye might 
be 356, i.e., green with diffuse tan color and chocolate spots. There 
are thus 294 possible categories of eye color, but many of them do 
not occur. Martin’s eye color scale was coded by this method, and 
65 classes were required for tabulating the eyes of 500 individuals. 
Of these, 21 classes were represented by a single case and 4 classes 
by only two cases. It was found that certain color categories were 
more frequent in one sex. Thus gray with diffuse yellow (240) was 
present in 14 o’ to 37 9 persons, and tan with diffuse green (530) in 
13 o' to 9 9 . 

By recording the ages of the men and women examined, evidence 
was obtained that eye colors change regularly during adult life, and 
earlier in women than men, women of age A having eye colors equiv- 
alent to those of men at age A + 29.3 years. The eye colors of young 
women thus correspond with those of old men. There is also evidence 
that the large classes of pure blue and gray eyes do not change with 
age. They probably represent distinct genotypes. On the other hand, 
eyes which are chocolate in early life may appear green or gray with 
diffuse yellow or tan and chocolate spots in later years. In many 
chocolate eyes the contraction furrows (see p. 105) appeared as green 
lines under higher inagnification. It is to be hoped that this new 
method of classifying eye colors will be tested on a large scale in fam- 
ilies, as it offers a further approach to genetic analysis of eye color. 
Riddell (1943) has since tabulated the eye colors of 500 more persons, 
the combined data giving a sex difference of 14.4 years. Wessely (1932) 
also showed that spotted and striped iris can be inherited. Brues 
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(1939) applied the sib-pair method of analysis to 300 sibs Jn 83 families, 
recognizing a background color of the iris and a detail color or pattern. 
Classifying eyes as light, pale mixed, mixed and dark, she found clear 
evidence of a sex-linked factor, M, making the iris non-light (inter- 
mediate), its recessive allele, m, producing a light eye. She also 
deduced a factor, B, of unknown dominance making a mixed (varie- 
gated) eye brown, and an independent non-sex-linked gene for dark 
eyes. Hughes (1944), ^ statistical study of brown eyes in 107 fam- 

ilies with 212 children, finds evidence of multiple factors for degree 
of brown pigmentation. 

Usher (1920), from a careful histologicaf-examination of six albino eye- 
balls, found traces of pigment in four. He therefore concluded that total 
absence of pigment cannot be used as a definition of albinism in man. The 
fovea centralis ^ in albinotic eyes is shown to be absent or imperfect, and this 
may be the chief cause of the imperfect vision in such eyes. In the eyes of 
albinotic individuals belonging to dark races the mesoblastic pigment ap- 
pears earlier and is found in much larger quantity at time of birth than in 
European eyes. Chemical examination indicates that there is more pigment 
in the eyes of albinos of dark races than of white races. This is in accord 
with much evidence from mammals of a close relation between density of 
coat color and of eye pigmentation. 

A general study of the iris in vertebrate animals, by Ida Mann 
(1931), serves to place the subject of human iris color in wider per- 
spective. From an extensive study she finds four factors concerned 
in vertebrate iris color; two are anatomical (the distribution of blood 
vessels and the shape of the pupil), two optical (the nature of the pig- 
ment and the degree of translucency of the tissue). The anatomical 
conditions are very constant in man, while the pigmentation conditions 
(unlike those in most wild species) are extremely variable, at least in 
Caucasian peoples and some others. On the other hand, American 
Indians, Eskimos, Chinese and Negroes, for example, generally 
have densely brown or black eyes with relatively little variation 
in pigmentation. 

In the human iris, as expected according to the laws of embryology, the 
least variable characters are the first to appear in development. Blood 
vessels are present in the superficial layer of the iris at the eighth week of 
foetal life, when there are no ciliary processes, no uveal pigment on the back 
of the iris, no sphincter or dilator muscle and no true pupil. Even at birth, 
as is well known, there is no mesodermal pigment in the stroma in European 
babies. The different groups of vertebrates show an extreme variety of eye 
structure, but throughout the mammals some shade of brown is typical for 

1 This is a pit in the middle of the macula lutea or point of clearest vision at the center of 
the retina. 



EYE COLOR AND HAIR COLOR 91 

the iris. This greatly strengthens the view that brown was the original iris 
color in man. 

Galloway (1912) and others have regarded the yellow pigment of the 
human iris as simply a dilution of the brown. Davenport (1927) regards it 
as a different pigment, the same as in a yellow Mongol skin, giving a green 
eye when uniformly distributed. The biochemistry of melanin pigment is 
still insufficiently known for a final settlement of this point. 

A rare eye color, ruby, has been studied in man by Iljin (1926), who ob- 
served it six times in Russia and found that it could occur with either a fair 
or dark complexion. This eye color is also known in the guinea pig, mouse, 
rat, cat, dog and rabbit. Roberts (1945) has found it in Hampshire swine. 

The color of the human iris undergoes slow changes throughout life. 
In babies of the white race the eyes are at first dark blue. They may 
gradually become pigmented or may change to lighter blue, reaching 
their definitive color in some cases at about six to eight years of age. 
The state of health also affects the pigmentation, and in old persons 
the brown iris may develop a peripheral ring of blue through absorption 
of brown pigment (arcus senilis). American Indian babies of pure blood 
never have blue eyes. Both hair and eyes are intensely black from 
birth. I believe this is due to the presence of intensifying factors for 
eye and hair color. The intensifier for eye color is never present in 
Europeans and the intense black hair of an Indian baby is rarely, if 
ever, present in a Caucasian baby. According to Segi, the iris of a 
Japanese foetus is already pigmented by the fourth month. 

Evidence is accumulating that the blue eye has originated more than 
once as a mutation from the original brown. The condition has spread 
presumably through repeated mutations. It reaches a high frequency 
in the Nordic peoples and a gray eye is equally characteristic of the 
East Baltic race. Blue eyes are also found (Jochelson, 1928) in certain 
northern Asiatic peoples, where the blue iris appears to have been of 
ancient origin and among the Berbers of North Africa, an important 
center for blue eyes. 

More surprising is it to find blue eyes among tropical people with 
dark skins. Davy (1861) cites some interesting observations in south- 
western Ceylon which may be quoted in this connection. Between 
the years 1816 and 1820 he noted five “albinos.” He notes that the 
native skin color ranges from light brown to black, while the hair color 
varies less than the skin color. Black hair and eyes are most common, 
and hazel eyes are less uncommon than brown hair. Gray eyes and 
red hair are still more uncommon, and the light blue or red eye of the 
albino rarest of all. The five albinos observed were all the children 
of dark parents. Two were brother and sister and there were two more 
albinos in this family who had died young. Their skin was very white, 
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eyes “of a very light colour,” pupil light flesh color, iris nearly the 
same but lighter; hair, eyebrows and eyelashes light cream-color. 
They were evidently slightly photophobic. In another family a young 
girl, the only child of black parents, had yellowish-brown hair, black 
pupils and blue iris, and apparently a white skin. He says she would 
be considered very fair in England. He thus extended the term albino 
to include those with blue eyes and fair hair. The third family 
consisted of seven children, four dark like their parents, and three 
“albinos.” Two of these had “fair” skin, yellowish-brown hair, large 
eyes with black pupils, iris bluish-gray, its outer margin hazel. A 
younger sister, five years old, had dilated, flesh-colored pupils and 
bluish-gray irides. The author could learn of no descendants having 
similar characters, but he quotes the opinion of Singhalese savants that 
the white races are sprung from this albino type “and ab origine were 
merely an accidental variety,” which is not very far from the modern 
point of view as regards these characters. These albinos as a group 
had a white skin varying in whiteness, hair ranging from light cream- 
color to yellowish-brown and eye color from blue to more or less 
pink. 

There are other scattered records of blue-eyed Singhalese families, 
including a recent one from my own observations (Gates, 1938). In 
these cases there is full coloring of skin and hair, the only departure 
from normal being the blue eyes. I observed a guide to the temple 
at Kandy, Ceylon, who had full dark skin color and black, wavy hair 
with blue eyes. His mother, maternal grandmother, one sister and a 
young son were in the same condition (see pedigree. Fig. 24). He knew 
of similar blue eyes in two other families unrelated to his own. The 
blue eyes, always recessive in other countries so far as known, appear 
here to be inherited as a dominant character. It can hardly be sup- 
posed that the gene for blue eyes is so widespread in Ceylon that 
the three spouses in this pedigree were all heterozygous for it, although 
that possibility is not excluded. Genetically it seems probable that 
there is some relation between the complete albinos and those with 
fair skin, yellowish-brown hair and blue eyes of the early records on 
the one hand, and the modem presence of blue eyes only on the other 
hand. Further research on the Singhalese population would probably 
throw light on the problem and might even explain how the change 
frorn recessive to dominant blue eyes has taken place. Fisher’s theory 
of selection of modifiers does not appear to be applicable. Complete 
albinism is regarded as a single recessive mutation affecting skin, 
hair and eye color, and is well known to occur in all races (see 
Chap. IX). Possibly the gene for albinism in the dark-skinned 
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races has been fractionated while in the persistently heterozygous 
condition, thus producing types with partially depigmented hair or 
with blue rather than pink eyes combined with dark hair and skin. 
Selection would certainly favor the darker-skinned types in the tropics 
and might thus result in strains with a dark skin and blue eyes. Since 
dominant as well as recessive albinos are now known (Chap. IX) in 
different races, it is not surprising that the same is true of blue eyes. 



Fig. 24. Pedigree of blue eyes in a Singhalese family. 

Although everyone knows that the hair and eyes of children fre- 
quently darken as they grow older, yet very little attention has been 
paid to this developmental aspect of human genetics. It has been 
shown by Ford and Huxley (1927) that the various eye-color mutations 
of Gammarus chevreuxi depend on genes which affect either the rate 
of pigment deposition or the time of onset of eye pigmentation. The 
normal eye is black, melanin deposition taking place two days before 
hatching. In the red-eyed (rr) mutant the time of onset is later and 
the rate of deposition is slower. One modifier (s) slows down the rate 
of deposition, another (m) retards it less. In the type with genetic 
composition, rrSSMM, at 23° C. the eyes begin to darken in four to 
six days after hatching and become a deep chocolate in three weeks. 
In the type rrssMM they begin to darken in four to eight days and 
reach equilibrium at light chocolate in five to seven weeks. Another 
gene (d) delays pigmentation of the eyes until sexual maturity. 

The genes controlling the changes in eye color in man are unlikely 
to be less complicated in their action, and an analysis of the develop- 
mental aspect as regards both eye color and hair color is of fundamental 
importance. Godin (1933) has made detailed observations on the 
changes in eye color of one hundred French boys during puberty. 
He recognizes that the inner and outer zones of the iris are distinct 
and change independently. At the beginning of puberty brown eyes 
show a “clearing up ” of their original color in both sexes. The changes 
are more numerous in adolescents with clear eyes and late puberty, 
rays, spots and stipples arising on the basal color in both zones, the 
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striae and spots in the outer zone foretelling the future color of the 
inner zone. At the ages thirteen to eighteen there was a marked color 
change in four cases. 

In one boy with puberty at 17, the outer zone was clear gray at 13I, the 
inner zone with clear brown rays on a gray background ; at 15 the outer zone 
was dark brown, the inner clear brown; at 15I the brown was very clear; at 
16 the outer zone was dark gray, the inner zone brown. In another boy with 
puberty at 17J the iris was gray with yellow streaks at 13I, at 14 the outer 
zone was gray, inner zone greenish; at 15 greenish-blue; at 15I greenish; at 
16 clear gray, at 17 blue, at 17^ brown. In one case the outer zone changed 
from blue to gray without the inner zone ceasing to be brown. There is thus 
no regularity in the eye-color changes during this period, but the eye color 
is stabilized at the end of puberty, about two years after its beginning. It is 
probable that in some of these cases eye-color changes had begun before 
thirteen, and in many children the change from blue to brown occurs at a 
much earlier age. 

MacConaill has had the merit of attacking the subject from the 
genetical point of view. MacConaill and Ralphs (1936) made observa- 
tions on 2670 males in Sheffield between the ages of five and twenty- 
one years, grouped according to age. They find that only dark blue 
eyes and light blond hair show a steady fall in percentage frequency 
over the whole period. The adult population of Sheffield contains 
21 per cent pure blonds, 21 per cent pure brunets and 58 per cent 
mixed types. They find that eye and hair color may continue to 
darken up to the completion of adolescence. 

Those with dark blue eyes and light blond hair are called leucochrome. 
This coloration is typical of infancy. The percentage of leucochromes 
at any age in the Sheffield population follows an exponential curve 
ot decrease to the fourteenth year, after which it has a constant value 
ot 17 per 1000. This is the recessive type in inheritance and from 
it are derived all the other types in a developmental sense. It thus 
represents an infantile or paedomorphic condition. The brunets have 
brown eyes and brown or black hair. The mixed class or heterochromes 
include the remainder. The brunets and heterochromes together 
constitute the allochromes. In children who change from leucochrome 
to brunet the change in hair color and eye color is usually not simul- 
taneous, but one takes place before the other. 

In another paper on Sheffield schoolboys, MacConaill (1938a) points out 
that half the leucochrome children are potential blonds, i.e., they will retain 
blue eyes and fair hair. Two-thirds of the other half will become brunets. 
About one-quarter of the leucochromes change each year into other types. 
By the beginning of the school period (five years?) all but 4 per cent of the 
adult number of heterochromes have been formed. At this time also two- 
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thirds of the adult number of blonds and six-sevenths of the adult number 
of brunets are present. 

By comparison with the Sheffield population, a study was made of the 
island of Rachrai off the coast of northern Ireland, whose people have a 
tradition of Scandinavian ancestry mixed with an Irish element. They form 
a typical Nordic group with more red hair and less dark hair and eyes than 
Sheffield. Twenty-five per cent of the men of Rachrai are pure blond, having 
dark blond hair; 90 per cent have blue eyes, and those with dark eyes had 
parents who came from outside the island. 

In a later study (MacConaill, 1941), the classification of eye color 
and hair color is placed on a more definite genetic basis. Eyes are 
classed as blue or dark, the dark including gray. Hair is classed as 
blond or dark, the latter including red hair. Persons with brown eyes 
and blond hair are cyanopic, those with blue eyes and dark hair are 
called glaucopic. The latter type are found to reach a stable state 
in the population at the beginning of the second quarter of the post- 
natal period, which would be at about six years. The cyanopes are 
most numerous in the second quarter of the post-natal period, blonds 
being (developmentally considered) residual. The percentage of 
blonds ranges from 27.4 in the Isle of Man, which was under Norse 
dominion in the ninth century, to 21 to 24.4 per cent in Sheffield. Thus 
roughly one-quarter of the population are of blond type. It is con- 
cluded that if eye color and hair color were independent this figure 
would be only 15 to 16 per cent. Much other evidence, some of it 
from race crossing and some unpublished, goes to show that the genes 
for eye color and hair color lie at different loci of the same chromosome. 

There are found to be nine developmental classes of hair- and eye- 
color combinations. Following MacConaill, we may assume that eE 
are a pair of factors for blue or non-blue eyes, and hH for blond or 
dark hair. As regards the development of pigmentation in Caucasians, 
there are then three classes of dark: (i) fast, i.e., those who develop 
full pigmentation soon after birth; (2) medium, whose pigmentation 
is fully developed at puberty; and (3) slow, in which full pigmentation 
of hair and eyes is only reached at about twenty years. On this basis 
various genotypes may be listed as follows: 

EEHH Fast dark 

EEHh Medium dark with a cyanope stage 

EeHH Medium dark with a glaucope stage 

EeHh Slow dark, with intermediate stage variable 

EEhh Fast cyanope 

Eehh Slow cyanope 

eeHH Fast glaucope 

eeHh Slow glaucope 

eehh Blond 
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From the original condition EEHH we may assume that E first mutated 
to e (blue eye) and that this happened independently at least in the 
European and Singhalese people. Pure brown eyes are found to be 
scarce in Iran and Iraq, a frequent type being brown around the pupil 
with blue in the periphery. In this region with a population having 
Mediterranean affinities, and in parts of Siberia, light-eyed mutations 
have spread in association with dark hair. The combination of blue 
eyes with dark hair is characteristic of the people of Ireland and, as 
already mentioned, it also occurs in Ceylon in association with a black 
skin. We may assume that in Europe the mutation to blond hair 
(h) came later and that the Nordic and east Baltic types with fair 
hair and blue or gray eyes are recombination types containing the 
double recessive. If e and h originally occurred as independent muta- 
tions, crossing-over or recombinations must have taken place later 
in order to stabilize the blond eehh type. 

From the developmental point of view e and h are genes inhibiting 
the rate of pigmentation. That the population of the British Isles 
has become markedly blond is shown not only by the high percentage 
of eehh type but by the frequently delayed pigmentation of those who 
ultimately become dark. On this view the glaucope type in Europe 
is an earlier condition than the pure blond, and has not been derived 
from the latter by crossing-over. The glaucope and cyanope types 
under European conditions were not selected against by the climate, 
and sexual selection may have acted strongly in their favor, leading 
finally to multiplication of the double recessive eehh blond type of 
pigmentation, as found in the Nordic and east Baltic races. 

Bosshart (1939) has made observations on eye and hair color in two 
Swiss valleys in the Bernese Oberland, including Adelboden, with an in- 
digenous peasant population. She found that boys and girls had mostly 
blond hair to the age of fourteen, the men mostly black and. the women 
brown. While 40 per cent of the youths of both sexes had blue eyes and 
blond hair, 30 per cent of the men and 17 per cent of the women had blue 
eyes and brown hair. Dark eyes and hair were found in only 2.6 per cent of 
boys, 4.8 per cent girls, 7 per cent men and 5.2 per cent women. Blue eyes 
and dark hair thus occurred in ca, 47 per cent of the men and (including 
mixed eyes) 41 per cent of the women. These people were mesocephalic, 
cephalic index 80.52 (men), 80.70 (women), 36 per cent of the men being 
brachycephalic. The C. I. is lower than for South Germans, Austrians, 
French, Italians and all other Swiss. In an early paper on the population of 
Alsace, Pfitzner (1897) found that females had less blond hair and darker 
eyes than males. Those with black hair and light eyes, regarded as a special 
group, numbered 15.9% of the men and only 3.4% of the women. 

By comparison, Hagler (1941) studied about eight hundred of the in- 
habitants of Tavetsch, a high alpine valley in the Biindner Oberland. They 
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were mountain peasants, mostly of Dinaric race. The C. I. 82.9 (men), 
83.1 (women) shows brachycephaly. The hair was darker, 71.4 per cent of 
youths having brown to black hair, only 3.1 per cent of the men having 
blond or dark blond hair. Two women had red hair. In eye color, men were 
21 per cent blue, 34.1 per cent mixed, 44.9 per cent brown; women 12.6 per 
cent blue, 25.2 per cent mixed, 62.2 per cent brown. A remarkable feature 
is that the older age groups have lighter eyes. At 7 to 16 years the males had 
55.4 per cent, the females 66.3 per cent brown eyes, while at 50 to 60 years 
the figures were 30.6 per cent and 51 per cent respectively. The nature of 
this lightening of the eyes, which is more marked in the men than the 
women, is not clear. It seems to imply pigment absorption in the iris. 
This paper contains much other anthropological material. 

In an elaborate study of the Anatolian Turks, Wagensail (1931) 
recorded the distribution of eye color and head shape. A strong Nordic 
element is assumed from the high percentage of light eyes and hair 
throughout the land, but most strongly represented in the west and 
south. The small, dolichocephalic heads are derived from the Mediter- 
ranean race in the west and south and from the Oriental race in the 
east. In the middle north, however, where light eyes are most frequent, 
the heads are short and broad (practically all brachycephalic or hyper- 
brachycephalic) . Hauschild tried to account for this condition by 
means of his Sarmatian race with blond, broad heads and straight 
nose (North Slavs). But crossing of this brachycephalic, fair type 
with the autochthonous brachycephalic, dark race would not account 
for the excess of light eyes in this region. 

Bijlmer (1940), in an anthropological study of the Netherlands, 
distinguished blue, gray or green and brown eyes as three categories, 
but recognized transitions. He regarded green as diffuse brown pig- 
ment over blue, and gray as a thin, almost yellow layer over blue. 
Sometimes gray is due to gray bundles of connective tissue in the iris 
stroma. Among over 3000 persons he found two pairs of yellow eyes. 
The hair was blond and the yellow seemed a different pigment. The 
local distribution of eye colors indicates that darker pigmentation 
and the B blood group have both reached Holland from the sea. There 
was no correlation between blood group and eye or hair color. Brachy- 
cephaly Is also commoner in the more pigmented western provinces 
than in the blond eastern provinces. Its origin is therefore regarded 
as not Alpine, but problematic. 

MacConaill (1938b) developed a formula connecting the proportions of 
fair hair (h), blue eyes (e), O (RR) blood group and B AB blood groups: 

I = P^, where P is a parameter defined by the inequality: i < P < 3. 

h RR 

He found P = 2.1 for Rachrai island and P = 2.4 for Sheffield. 
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In the tropics, it is clear that even given the same initial mutations 
the racial results would be quite different, because natural selection 
would act strongly against the complete blond type. This is contrary 
to the claim of Rodenwaldt (1927) and others that fair complexion 
is not a disadvantage in the tropics. The glaucope type eeHH does 
not appear, however, to be at any disadvantage, but the white-skinned 
mutations may well have been suppressed by natural selection. 

Before leaving this aspect of the subject, reference may be made to an- 
other paf)er of MacConaill (1938a) in which he studied the stature of male 
school children in relation to hair and eye color. In a study of 2500 boys, 
from five to seventeen years old, they were divided into three classes; blond, 
brunet and heterochrome. It was found that at all ages the mean statures of 
the blond and brunet groups were greater than those of the heterochrome. 
The differences in mean stature were statistically significant at all ages 
except puberty. The blond and especially the brunet groups were also less 
variable than the heterochrome. A homozygous condition in pigmentation 
therefore conduces to a better response to the growth hormones, and it may 
be inferred that the heterochromes are at a selective disadvantage. 

The largest pigmentation survey ever undertaken was made by 
Tocher (1908) on the school children of Scotland. The eye and hair 
color of 502,155 children throughout Scotland was surveyed. Eye 
colors were classed as blue, light, medium and dark; hair colors as 
fair, red, medium and dark or black. Unfortunately eye and hair 
color were not tabulated together. About 25 per cent of the children 
were recorded (by their teachers) as fair-haired, 25 per cent dark-haired, 
45 per cent brown or medium and 5 per cent red-haired. Tacitus 
referred to the red-haired Caledonians and excess of red hair is still 
found in Scotland, but it is uniformly distributed throughout the 
country. The survey also showed 15 per cent of blue eyes, 30 per 
cent light, 32 per cent mixed, and 22 per cent dark brown. Dark or 
jet black hair and blue eyes were associated with the Gallic-speaking 
population in the western counties. This Scotto-Celt type of coloring 
is thus similar to the Irish type and doubtless represents one of the 
earliest strata of the population both in Scotland and Ireland. In 
his extensive observations of eye and hair color in Britain, Beddoe 
(1885) found that the Welsh of Upper Galloway were tall with pre- 
vailingly blue or gray eyes and dark brown or black hair. He concluded 
that the primitive Brythons in the district were probably of this type. 
Hooton (1940), in a preliminary survey of anthropometric results in 
Ireland, finds that nearly 42 per cent of Irish males have blue eyes 
and less than 0.5 per cent brown eyes, the association of light eyes 
with dark hair being “the most striking feature of Irish anthropology.” 
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It is interesting and significant that the genetical and anthropological 
points of view both lead to the conclusion that this glaucope type is 
older than the blond type which wais brought in by Nordic invaders 
at a later date. 

• Tocher found an excess of fair and dark hair in the sparsely popu- 
lated areas of Scotland and darker eyes in the urban areas. In a 
discriminant analysis of Tocher’s data, Maung (1941) found that the 
pigmentation index for girls was not significantly higher than for 
boys. In some European countries it is clear that brown eyes are more 
frequent in women than men (see below). Urbanization is shown to 
be associated with darker pigmentation. Some selection seems to be 
in operation, but it is not clear whether it is due to differential birth 
rates or selective mortality rates among the various eye-color classes. 
Tocher’s “medium” eyes may be mainly heterozygous, with blue as 
the recessive. (See Gray, 1907.) 

Kollmann (1883) made an earlier survey of 405,609 school children 
in Switzerland, classing them for eye and hair color. The main results 
were as follows: 

Blue eyes and blond hair 1 1 per cent 

Blue eyes and brown hair 4.4 per cent 

Brown eyes and blond hair 13.2 per cent 

Blue eyes and brown or black hair 4.5 per cent 
Brown eyes and brown or black hair 25.9 per cent 

Agreement in hair and eye color was six times as frequent as the 
reverse. 

Skerlj (1930) made a study of eye and hair color in 437 school chil- 
dren seven to seventeen years of age in Ljubljana, Slovenia, where 
the population belongs mainly to the East Baltic race, with some 
Dinaric and Alpine elements. He found light eyes 58.7 per cent, dark 
eyes 41.3 per cent, light hair 51.3 per cent, dark hair 48.6 per cent. 
More girls than boys had light eyes and light hair, but the evidence 
from ages shows that the percentage of dark eyes did not increase 
with age and there was only a little darkening of the hair, especially 
in the girls. There were more glaucopes (light eyes and dark hair) 
than cyanopes. It was only these mixed types which changed with 
age. Martin (1928) found evidence that undernourishment in children 
of one to four years produced a darkening of the eyes through pigment 
deposition. 

Hesch (1931), in a study of eye color according to age and sex, 
found in females, brown eyes at age birth to six years in 7.8 per cent ; 
in males of the same ages, 20 per cent. At puberty these numbers were 
about equal. Rarely the newborn were found to have dark eyes and 
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dark hair which were depigmented later, the dark color at birth being 
ascribed to a hormone eflfect from the mother through the placenta. 
Dark eyes were found to increase in the population from seven years 
onwards to fifty-six, when depigmentation begins. Increase of pig- 
ment in the inner ring is an expression of age-darkening, which is 
greater in females than in males. Streiff (1932b) made observations 
on the hair, eye and skin color of 166 children in a Swiss school in 
Genoa, but without any definite conclusions. 

The Chitpavan are a Brahman people on the coast of India between Goa 
and Bombay. Karv6 (1931) examined the eye color of 3097 of all ages. Their 
eyes were lighter than in the Deccan and the^women had darker eyes than 
the men. Some eyes were green (“cats’ eyes’’), green-blue or gray-blue, but 
none blue. Many very young children had black-brown eyes, but there was 
a marked decrease of this color in the first five years. Another lightening of 
most eye colors began at ca. thirty-five years. About 5 per cent of the 
population had blue-gray eyes. 

Gross (1921) made a study of the relations between eye color and hair 
color in a German family in which the father had blue eyes and brown hair, 
the mother blue eyes and blond hair. The eldest daughter had brown eyes 
and brown hair, two sons and a daughter had blue eyes and blond hair, an- 
other son having blue eyes and brown hair. He explains the results by 
assuming a chromogen factor (P) for iris pigmentation, another (D) for hair 
pigmentation, and an enzyme factor (F) which activates both. This type 
of explanation has not been followed in later work. Gross says that in 
Baden 64.5 per cent of the people are blue-eyed but only 24.3 per cent have 
blond hair, while in Holland 45 per cent of the brown-eyed are blond. 

Staffe (1922) examined the hair and eye color of 3058 boys and 3014 
girls between six and fourteen years of age in the Kuhlandchen, the 
original home of Mendel. The boys showed 46.2 per cent light eyes, 
20.3 per cent mixed, 29 per cent brown and 4.45 per cent black, and 
as in Scotland there was clearly no excess of brown eyes in the girls, 
their eye color distribution being substantially the same.. Probably 
the excess of brown -eyed women results from girls whose eye color 
changes from blue to brown after puberty. 

Bryn (1920) collected statistics in Norway and states that in four 
out of thirty marriages two blue-eyed parents had some brown-eyed 
children. From these four marriages there were; ten children with 
brown eyes and seventeen with blue. One or both grandparents, in 
all cases, had brown eyes. Winge (1921), in a much more extended 
study, concludes that such cases are exceedingly rare if the parents 
have normal vision. By means of a questionnaire, Winge collected 
data of eye color in about 1400 children of natural history association 
members in Denmark and their parents. The results are given in 
Table 5. 
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From the table it will be seen that, in addition to the seven children 
with doubtfully blue eyes from blue-eyed parents, twelve children 
(belonging to eight families) had brown pigment in their eyes. Further 
information obtained from five of the families indicates that the condi- 
tion was due in two cases to abnormalities in the eye. In another 
family of seven, two of the daughters had some brown pigment in 
their eyes, and one of the latter married a blue-eyed man and had 
six children, all blue-eyed. This case is thought to be explained by 
assuming that one of the grandparents was genotypically brown-eyed 
but had a “pigment restrictive disposition ” which made him or her 
phenotypically (i.e., visibly) blue-eyed. The brown-eyed daughter 
having blue-eyed children is explained by sex-linked inheritance. 

TABLE 5 

INHERITANCE OF EYE COLOR IN DENMARK (Winge) 

Number of Children 

Grayish-Green 


Marriages 

Blue 

Brown 

or 

Bluish-Green 

Total 

Blue X blue 

625 

12 

7 

644 

Blue X brown and conversely 

317 

322 

9 

648 

Brown X brown 


82 

— 

107 

Total 

967 

416 

16 

1399 


That there are more brown-eyed women than men was borne out 
by statistics of 300,000 school children, collected by S. Hansen. Similar 
results have been obtained by others. Winge shows the fact of sex- 
linkage by giving the results of marriages in which the parents had 
different eye color. (Tables 6, 7.) 


TABLE 6 


MOTHER BLUE X FATHER BROWN 


Eye Color of Children 

Sons 

Daughters 

Total 

Blue 

63 

50 

113 

Brown 

65 

81 

146 

Grayish-green or bluish-green 

4 

2 

6 

Total 

132 

133 

265 

Clearly, when the father has brown eyes, 

half the 

sons have blue 


eyes and half brown, but many more daughters have brown than blue 
eyes, although the total numbers of the sexes are equal. On the other 
hand, when the mother has brown eyes there is an excess of blue-eyed 
sons and daughters. These results are explained by assuming that 
in addition to the simple pair of factors originally recognized, there 
is another dominant factor for brown eyes which is sex-linked in jn- 
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heritance.^ Winge is further obliged to assume that female germ cells 
(bW) containing the sex-linked factor (W) together with the ordinary 
determiner for blue, cannot exist. 

TABLE 7 


MOTHER BROWN X FATHER BLUE 


Eye Color of Children 

Sons 

Daughters 

Total 

Blue 

lOI 

103 

204 

Brown 

97 

89 

176 

Grayish-green or bluish-green 

— 

3 

2 

Total 

198 

195 

383 


Lenz (1921) also assumes sex-linked factors for brown eyes and had 
previously suggested that the greater frequency of dark hair in Euro- 
pean women than men could be explained by assuming that certain 
factors for dark hair are sex-linked. Lundborg (1920) found marked 
differences in the percentage of brown eyes in men and women in 
Sweden, as shown in Table 8 (standard errors added by Lenz). 

TABLE 8 

BROWN EYES IN MALES AND FEMALES IN SWEDEN 

cf 9 

Swedes 52 + 1.3 11.2 + 1.9 

Finns 6.3 + 1.3 11.3 ± 1.8 

Lapps 34.0 ±3 49- 1 ± 34 

Lenz adopted the highly doubtful hypothesis that mongoloids have 
introduced the sex-linked brown factor into Europe and that the 
excess of brown eyes in females can be used as an index of the amount 
of Mongolian blood. 

The writer in 1922 had the opportunity of examining the eye color of 
people in Bergen, Norway. Only about one in fifteen would be roughly 
classed as brown-eyed, but the blues varied continuously from very light 
to very dark blue, and so through greenish or yellowish shades (due to a 
small amount of brown pigment) to pale brown, dark brown being rare. 
Every grade of color appeared to be represented, with a great predominance 
of the paler shades. 

Frets (1925) confirms others in finding that in western Europe there 
are more females than males with non-blue eyes. But he finds that 
in Scotland and southeastern Europe (Russia, Bulgaria, etc.) there 
is no excess of blue-eyed males. The sex-linked gene for brown eyes 

* Bullough (1942) shows that in starlings the males differ constantly from the females in 
having browner (rather than yellowish) iris. There are also sex differences in coloring of the 
beak and the feathers of breast and throat. 
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therefore appears to be confined to certain parts of Europe. Frets 
finds difficulty in classifying eyes with traces of yellow pigment, and 
states that parents with such eyes may have children with more, or 
with orange pigment in the central part of the iris. 

Philipchenko and Liepin (1913) made a study of eye color and hair color 
based on a questionnaire sent to the literati of Leningrad. Among 488 
parents and 738 children, 22 per cent were classified as blue-eyed, 42 per cent 
gray-eyed (including green), and 35 per cent dark-eyed. Gray is distin- 
guished from blue by the presence of a factor B, so that gray eyes might be 
BB or Bb. Cases were recorded in which blue X gray and gray X gray 
gcive children with brown eyes, but these were based on statements of the 
parents and not on critical observation by the investigators. A factor C is 
assumed for “dark” eyes and probably an intensity factor D for black eyes. 
No evidence of a sex-linked factor was found, such as Winge found in 
western Europe. 

Bollag (1927), working with Professor Vogt, made a study of intermediate 
eye colors in vSwitzerland. Vogt finds that children of parents with inter- 
mediate eye colors (Mischfarben) are often darker, but may be lighter than 
either parent. Bollag classifies various agencies that may change iris color: 
(i) A rare form of heterochromic cyclitis, depigmenting the iris of one eye 
to blue; (2) early trauma, which may change a blue iris to brown; (3) sider- 
osis or deposit of an iron compound from some foreign body or from the 
blood; (4) heterochromidia due to melanosis or excesvsive pigment develop- 
ment in one eye (rarest); (5) early paralysis of the sympathetic, lessening 
pigment deposition in one eye; (6) smaller differences between the eyes may 
result from variation. 

The mixed eye colors are clavssified as gray-brownish, gray-yellowish, gray, 
gray-greenish, yellow-greenish, the density of the pigment deposits account- 
ing for the different shades. Martin Rudolf’s standard table of colors was 
used, giving 16 classes between blue and brown, and 84 parents with their 212 
children were examined, only families with 4 or more children being studied. 
In II of these families the children’s eye color was between that of the 
parents, in 7 families some children were intermediate and some lighter, 
while in 24 families the children’s eyes ranged from lighter and intermediate 
to darker. Bryn and Winge both found cases of children with darker eyes 
than the parents, but Winge explained them as pathological. 

Vogt believes that these intermediate colors are not heterozygotes, but 
represent nova whose origin is not explained by crossing, and he assumes the 
presence of multiple factors which are independent or coupled. In twenty- 
five crosses between intermediate colors or conditions, only 42.5 per cent of 
the children are nearly the same as the parents; 32 per cent have darker 
brown but intermediate eyes, 59 per cent are intermediate like the parents, 
and 9 per cent are more nearly blue than the parents. It is difficult to say 
in how far the results may be due to the segregation of subsidiary factors 
and in how far to non-inherited fluctuations. The chief point emanating 
from these studies appears to be that the various intermediate eye colors are 
not heterozygotes of blue and brown but are due to independent factors 
not yet analyzed. 
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The important paper of Bryn (1926), in which he examined some 
three thousand individuals in Norway and depicts thirty-six different 
eye types found there, is a critical advance on previous work. He 
recognized eye types with the pigment in rings, clouds and radial 
stripes, or diffuse over the whole iris, and concluded that there must 
be three kinds of factors for eye-color pattern: (i) pigment-producing 
factors; (2) pigment-distributing factors; (3) pigment-concentrating 
factors. Brown eyes are assumed to have a series of factors (K) for 
pigment and a series of distributing factors, the albino eye lacking 
all such factors. A and B are the pigment-distributing factors, a and 
b giving pigment-concentration. Bryn finds that when the parents 
have a ring, radial or cloud pattern, most of the children will have 
the same pattern. A is assumed to distribute the pigment over the 
whole iris, and B to be weaker, leading to a cloudy effect. Hence two 
blue-eyed heterozygotic parents may have children with intermediate 
eyes. 

Bryn agrees with earlier writers that no normal eye is devoid of 
pigment, even blue eyes always having a little yellow-brown pigment. 
There is therefore a variety of types of mixed eye colors, the differences 
being both quantitative and qualitative (in manner of concentration). 
Green eyes usually have a denser stroma and a little hidden brown 
pigment. It is also concluded that gray eyes are inherited differently 
from blue, the children of gray-eyed parents having a much greater 
chance of brown pigment in their eyes than the children of blue-eyed 
parents. 

Many of the shades of blue found in Scandinavian eyes are paler 
than the blue eyes usually found in more southerly populations. The 
inheritance of these smaller differences in eye color can perhaps be 
analyzed only with the help of twin studies. 

Sedgwick (1861) described a family in County Wexford, Ireland, with 
tortoiseshell -colored eyes. The third generation, numbering sixteen sons 
and five daughters, are said to have all had the peculiarity, inherited from 
their mother. The character was probably a simple dominant. 

In the detailed study of eye-color inheritance, attempts have been 
made to overcome the difficulties of classification resulting from the 
fact that the phenotypic color scries extends continuously from pale 
blue to brown and black, by constructing a series of glass eyes corre- 
sponding to the various colors and patterns. One of these is Martin’s 
^Augenfarbentafel, in which numbers 4-8 rank as brown, 8--I2 as gray 
or hazel, and 12-16 as blue. More recently. Sailer (1931) has described 
a new eye-color series, with a colored plate showing forty types of iris, 
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from dense brown to light blue. Steggerda (1930) used this methotl 
to study eye-color inheritance in families of Dutch descent with 
mostly blue eyes. In seven families in which both parents had blue 
eyes twenty-seven children had blue and one had gray eyes. In four 
families the parents were blue X gray, twelve children having blue 
and three gray eyes. Three families blue X brown had four children 
with blue, two with gray and five with brown eyes. A family with 
brown-eyed parents had three children with brown, one with blue 
and one with gray eyes. Davenport (1927) expressed the view that 
blue is recessive to gray and gray to brown, but the relation of blue 
eyes to gray still requires further elucidation. 

Fleischhacker (1936), in a study of eye color in 103 families, found 
that heterozygotes of blue and brown could have green or green-brown 
eyes. He found that the structure of the iris affects the color and that 
there are quantitative sub-genes for iris color. 

Iris Structure 

More recently, much more detailed studies have been made of 
the structure and pattern of the iris stroma. Eskelund (1938) has 
made a notable investigation and detailed study of human iris struc- 
ture. In cross-section the iris is in four layers: (i) the frontal boundary 
layer on the upper surface. Under this lies (2) the vascular layer, 
containing blood vessels and the sphincter (circular) muscle which 
contracts the pupil. These two layers are mesodermal in origin and 
contain the pigment which gives the iris its color when present. (3) The 
third or posterior boundary layer contains the dilator muscle, consist- 
ing of radial muscle fibers which dilate the pupil when they contract, 
(4) A layer of pigmented epithelium. Layers 3 and 4 are ectodermal 
in origin. They form the opaque posterior wall of the iris and the ra- 
dial spindle-shaped cells are partly pigmented, as well as the epithelium. 

In a surface view of the iris (see Fig. 25), it is divided into an inner 
and an outer zone, the line between them being quite irregular and 
more or less zigzag. This irregular line represents the margin of the 
frontal boundary layer of the iris, which has atrophied in the inner 
zone around the pupil during development. The appearance of the 
outer zone depends on the density and pigmentation of this layer. 
The clearer this layer, the more can be seen of the vascular layer behind 
it. In deeply pigmented eyes it is quite opaque. The outer zone 
generally contains from one to six more or less concentric contraction 
furrows (Fig. 26), the number being the same for both eyes of an 
individual. This layer also contains a number of wider or narrower 
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('ry|)ts or deficiencies, which give the iris its charactc^rist ic appearanc'e 
and form a d('finit(' pattc'rn in the eyes of each individual. Both eyes 
are of the same type not only as regards its c'rypts and furrows but 
also in the amount and distribution of the pigment. In no two persons 
do the eyes agree in all these particulars. The iris pattern is thus com- 
parable with the finger-prints in delicacy as a means of identification. 

The human iris is 10.5 to 12 mm. in diameter and the inner zone 
may be broad or narrow but always has a more or less irregular margin 



Fig. J5. Photograph of iris, showing narrow inner and 
wider outer zone sniToiinding the piii)il. Also crypts in 
outer zoiu‘. (Alter Ksk(dund) 


resulting from the process of atrophy. The two zones frequently show 
differences in pigmentation. 

Eskelund studied the eyes of fifteen couples and their forty-four 
children. The iris pattern and the number of contraction furrows of 
the children were found generally to resemble that of one of- the parents, 
but one diild had more pigment than either parent. Monozygotic 
twins were found to be identical in iris patterns. Eskelund divided 
eye colors into seven types, liased on characters of th(' inner and outer 
zones. Thus these stroma patterns appear to be inh(Tited, though the 
laws they follow are as yet unknown. 

A study of the Iris of similar character has been made by Freerksen 
(1938). He examined the irides of nine pairs of MZ and eleven pairs 
of DZ twins, six of the latter pairs being of difTerent sex. His methods 
were similar to those of Eskelund. In the MZ pairs the structures 
were always nearly identical and even the lacunae show similarities, 
whereas in DZ twins, although they are occasionally very similar, 
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the differences in structure of the stroma show that they are not mono- 
zygotic. Like Eskelund, he finds that in families some children gen- 
erally resemble one {parent and some the other in iris structure, whereas 
others are unlike either parent. For instance, contraction rings can 
be found in the children when they are not present in either parent. 
Frequently, the iris structure of each parent is repeated in some of the 
children, but iris pattern appears to be inherited independently of 
iris color. Freerksen finds a relation between iris structure and body 
type. 



Fig. 26. Photograph of iris showing several contraction 
furrows. (After Eskelund) 


Schwagerle (1938) has made a similar study of iris structure in 
twins. In thirty-six of the forty pairs examined they could be diag- 
nosed with certainty as MZ or DZ. In four pairs the diagnosis was 
approached but not certain. The uncertain ones are the strongly 
pigmented eyes, in which the iris structure is relatively obscure, 
whereas in light eyes a certain diagnosis is always possible. Iris struc- 
ture in experienced hands apparently takes first place in the determi- 
nation of twins. Naevi (chestnut brown flecks) in the iris are con- 
sidered by him to be of no hereditary value. The study of stroma 
structure is thus not only of prime importance in twin diagnosis but 
it opens new lines of investigation in the comparison of parents and 
children. Brues (1939) made detailed observations of the iris structure 
in Boston families. She found ''specks'' (= naevi) comparatively 
rare. The hereditary type was independent of eye color, but she also 
found a non-hereditary type which was commoner in women, and 
associated with mixed eye colors. As the anterior layer of the iris 
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is always at least as highly pigmented as the posterior layer, there is 
some concomitance between structure and color of the iris. Evidence 
was found for a dominant sex-linked factor, C, which accentuates the 
atrophy of the anterior layer. The zoned pigmentation was inherited 
in families, but not as a single factor condition. Many other observa- 
tions were made. 

The detailed study of eye color in twins and their parents is prob- 
ably essential for a genetical analysis of human eye-color inheritance. 
That the results till now are far from unanimous or conclusive is 
shown by the work of Frets (1931, 1932, 1935). He emphasizes the 
yellow iris as distinct from the brown, and postulates two pairs of 
non-allelomorphic factors, A for brown ancl B for yellow. Blue eyes 
are then aabb. From the examination of numerous families in Holland 
he finds that truly blue eyes wholly devoid of yellow pigment do exist, 
but they are rare. Generally a small amount of yellow can be observed 
around the pupil. Frets examined 5334 persons (2349 cf 2985 9 ) . 
Like previous workers, he finds an excess of brown-eyed women. (The 
women constituted 56 per cent of the whole number examined, but 
64 per cent of the brown-eyed were women.) He therefore assumes 
that the Aa pair of genes are in some sense sex-linked, but this assump- 
tion is not utilized further in his hypothesis. 

In Frets’ scheme, yellow and yellowish eyes will be aaBB and aaBb, 
while brown and brownish eyes are AABB, AaBb, AAbb or Aabb. In 
the cross of brown X blue, if the brown is doubly heterozygous, 
AaBb X aabb = AaBb -f- Aabb -F aaBb -j- aabb. This cross should 
therefore give two children with brown eyes to one with yellow and 
one with blue. As Frets finds families in which one parent has brown 
or brownish eyes and the other blue, where the children have brown, 
yellow and blue eyes, this would exclude the allelomorphism of the 
genes for brown and yellow. He finds clear segregation, brown X 
brown producing brown and yellow; brown X yellow producing chil- 
dren with brown, yellow and occasionally blue eyes. But he also 
records hereditary variations in the tints of brown and yellow. If 
the pure blue are united with the yellowish eyes, as was evidently 
done in the early work, then monohybrid ratios show up for the 
various crosses. Both brown and yellow are in general dominant to 
blue, and brown is epistatic to yellow. But a number of cases were 
found where the parents have slight pigmentation of the iris while 
some of the children have considerably more. Frets (1931) assumed 
two factors, Bi and B2, producing different degrees of brown. Bibib2b2 
might give a blue eye to superficial observation. If the other parent 
were bibib2B2, then some children would have brownish eyes (BibiB2b2). 
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It is clear that in the study of eye-color inheritance much turns upon the 
interpretation of eyes with a small amount of yellow pigment. I'here must 
be some fluctuation, but whether its limits are wide or narrow is at 
present unknown. These limits can only be learned by the study of 
identical twins. If the conclusion of Schwagerle (1938) is correct that 
chestnut brown flecks in the iris are of no genetic significance, this 
will have a bearing on the interpretation of some yellowish eyes. 
There is much need for further work in this field. 


Heterochromia iridis 

In this condition, which was known to Aristotle, rhe two eyes are of 
dilferent colors, generally one blue and the other more or less brown. It 
is sometimes associated with diseased conditions such £is glaucoma or 
cataract, the lighter eye being the one usually affected, so that the 
condition is generally one of depigmentation. Frequently, however, 
no diseased condition is present. Inherited heterochromia is rare in 
man, but a number of pedigrees have been published. Gossage (1908) 
describes a family with nine cases in five generations. One eye, always 
the left, was grayish blue with chestnut-brown patches. Bond (1912) 
describes four families of two or three generations in which hetero- 
chromia was present. He found a ray pattern of frequent occurrence, 
with pigmentation only in one or more sectors of the iris of one eye. 



Fig. 27. Inheritance of heterochroniidia iridis. (After Nowak) 


He estimated that the two eyes are unlike in perhaps one or two indi- 
viduals per thousand and made many other observations on the sub- 
ject. In one family the father’s left eye was brown with a wide blue 
ray, the right eye yellow with a ring pattern. The mother had blue 
eyes. Of the ten children, one daughter had eyes like her father, a 
son had the same but reversed, i.e., left eye yellow, right with a blue 
ray. Another son had yellow (ring pattern) eyes and the remaining 
seven children were blue-eyed like the mother. Nowak (1932) records 
heterochromia in three generations of a family. In each case the right 
iris was blue and the left brown. The other eye colors are given in 
Fig. 27. 
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Fantham (1926) records a family of English descent with seven cavses 
(all male) of heterochromia in four generations. The original ancestor had 
one brown and one gray eye. His wife had blue eyes, and of their seven 
children, three had brown eyes, two blue, one gray, and one son had the 
same eyes as his father. The eyelashes of the latter were very light brown. 
He married a blue-eyed woman and of their five children two had brown 
eyes, two hazel and one son (J. A.) had one brown eye and one gray with 
white eyelashes. In one of the brown-eyed sons (P. A.) the eyes were of 
different tints. The children of J. A. were: a son with one brown and one 
gray eye, lashes brown; a son with one light brown (hazel) and one gray eye, 
the latter having white lashes; and a daughter with light brown eyes, the 
left having practically white lower lashes. This is the only indication of 
depigmentation in a female member of the family. P. A. had two sons, one 
with brown eyes, the other with one brown and one dark-gray eye. The 
heterochromia in this family was dominant with a special predilection for 
the male sex, only one of the six female sibs showing a hint of the character. 

Calhoun (1919) describes five cases in a family in three generations, 
the right eye being light in all. The four affected men also had ptosis 
in the right eye. In Passow's (1932) pedigree, a yellow sector in the 
left eye (the eyes being otherwise greenish) is present in five persons 
in four generations. Calhoun cites a case in which the father and 
mother were blond with blue eyes. The baby had a drooping upper 
right eyelid, that eye being lighter in color than the other. Seven 
years later there was evidence of facial atrophy on the right side, the 
right iris being blue while the left was brown. He concludes that 
one-sided paralysis of the cervical sympathetic nerve is the cause of 
the heterochromia and is inherited. Later work has served to sub- 
stantiate his conclusion that the sympathetic nervous system is 
concerned in heterochromia. 

Several other cases of heterochromia may be cited here. Allan (1905) 
describes a man of twenty-four with the right eye brown ; the left eye was 
blue except the upper inner quadrant, which was brown. He also (1906) 
records a case of a boy of eight whose right eye was blue, the iris of left eye 
in two colors. The upper inner quadrant was brown, the upper outer quad- 
rant partly brown and partly blue, the rest of the iris blue. The sight was 
normal. His father and mother both had blue eyes. Five brothers and three 
sisters had blue eyes, except the eldest brother whose eyes were light brown. 
Wellington (1906) records a man of forty and an unrelated girl of five with 
one blue and one brown eye. Souter (1906) observed nine cases of hetero- 
chromia in one summer. All had good vision. Five were males and four 
females. Generally only a sector of one eye was affected, being darker than 
the other eye. As this condition occurred generally in gray eyes it may be a 
dilution effect. It is evidently much more common than true heterochromia 
in which the irides differ in color throughout, and it is probably a distinct 
phenomenon. 
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A striking case of heterochromia in the third generation is described 
by Ellis (1931)- The pedigree (Fig. 28) shows blue and brown eyes 
segregating in two families in the second generation. In two exceptional 
individuals, one in each family, the eyes were green-blue and they were 
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^ = Brown eyes 
^ = Green eyes 
Q = Blue eyes 

Fig. 28. Origin ot heterochromia iriclis. (After Ellis) 


presumably heterozygous for eye color. They married, two of their 
children had blue eyes while the third (III. 3) had the right eye brown 
and the left green-blue. This would appear to be a phenomenon of 
somatic segregation, especially as III. 3 also has a sharply marked 
jDatch of black hair 6 in. in diameter on the right side of his scalp, 
the left side being fair. Vogt (1938) describes a pair of identical male 
twins, age sixty-seven ; in each the right eye was blue, with pigment 
naevi and a dark border (edge) around the pupil, the left brown with 
a wide dark brown zone in the sphincter region around the pupil 
(Fig. 29). 

Heterochromia also occurs in the dark eyes of Japanese. Komai 
(1934) finds it generally dominant, as in Europeans, but in two pedi- 
grees it is recessive, arising from a cousin marriage. 

Three types of heterochromia have been recdmized (Streiff, 1932) : 
(i) simplex, (2) involving the sympathetic, (3) ‘^^chs’ type, which is 
a primary inhibition of pigmentation, not a de^pfgmentation. The 
second type involves depigmentation of one eye following a lesion 
of the sympathetic. Kranz (1926) had previously recognized these 
types. He described ten cases and compared them with the parents. 
Various other causes of a change in iris color, such as siderosis, uni- 
lateral glaucoma or iridocyclitis, were discussed by Streiff (1919). 
Waardenburg (1932), in a careful study of the subject, says that if 
heterochromia is in different generations of a family it remains a 
question whether it is inherited as such, or some other character which 
acts indirectly to prevent normal iris pigmentation on one side. The 
partial forms may be caused by insufficient or too strong resorption 
of the foetal lamina iridopupillaris. Total forms belong either to this 
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category or may be a unilateral change of dominance or the result of 
an unequal division in development. 
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Notes on Animal Eye and Hair Colors 

Heterochromia is relatively common in rabbits. Punnett (1928) 
found that the factor P, which produces the higher grades of coat 
pigmentation in the Dutch rabbit, also prevents heterochromidia. 
Any rabbit without P may show the condition. Horses with a “wall ” 
eye are well known, and in various breeds of dogs such as Great Danes, 
English collies, and Old English sheep dogs heterochromia is not 
uncommon. In both horses and dogs it is frequently associated with 
a patchy or piebald coat pattern. 

In rabbits the eye-color series is most like that of man and the ge- 
netics of eye color in relation to coat color is instructive. Reference may 
be made to some of the relationships disclosed. Vienna white rabbits 
have blue eyes, the gene involved being located in a different chromo- 
some from the pink-eyed albino. Dark chinchilla (Sawin, 1932a) has 
blue eyes while light and pale chinchilla are brown-eyed. Non-agouti 
dark chinchilla has a black coat and blue eyes. The blue eyes are also 
affected by several modifiers which produce pigment in the front wall 
of the iris, giving a gray or mottled eye color. The maximum effect 
of modifiers is to produce a pseudo-brown. Gray and pseudo-brown 
eyes are very bluish in the young, but become dark later. The modifiers 
arc independent of the albino series. 

In a further paper (Sawin, 1932b) on chinchilla rabbits, it is stated 
that the order of intensity of the pigment in the choroid and retina 
is the same as in the coat, and is expressed in the color of the pupil, 
which ranges from black through brown and blue to pink. The three 
shades of chinchilla are all alleles of albino and full color. In this 
graded series coat color and pigmentation of the interior of the eye 
decrease together. The blue eye of dark chinchilla is either due to 
the same gene which produces the coat-color or is a mutant gene 
closely linked with that for coat-color. This condition is quite different 
from that in man, where the blue-eye factor is independent of skin 
color, although the range of eye color from blue to brown in chinchilla 
rabbits is like that in man. Sawin suggests that there are modifiers 
for iris pigmentation in man as in rabbits, but this remains to be 
proven. 

In a further analysis of hair color and eye color in rabbits, Nachtsheim 
(1933) assumes five genes. A, B, C, D, G for body color, a is albino with 
pink eyes, b has no macroscopic visible effect, c makes the iris slightly 
lighter than C, d makes the eyes bluish, the intensity depending on the other 
pigment factors present. Thus cd gives the lightest eyes, and g has no in- 
fluence on eye color. All the coat color alleles of the B and G series have no 
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effect on iris color. The A (albino) series, giving a graded series of coat colors 
to full pigmentation, affects iris color as well, as we have already seen. 
This series contains six alleles including the chinchillas. Temperature also 
has an effect on hair pigmentation in this series. We shall have reason to 
conclude later that in man also certain genes affect both eye and skin color. 

The results of histological studies of the hair in various rabbit genotypes 

ABCDG 

may be summarized as follows (Danneel, 1936) : The Alaska rabbit, 

ABCDG 

is distinguished by pigment granules in the hairs which are black, medium 
size, equally distributed and close together. In other color varieties the 
granules are variously clumped and distributed. In the Blue Vienna, 
ABCdg, the hairs have larger, looser, black single grains and large clumps 
(in all dd races). Brown Havana, ABcDg, differs from Alaska in having 
brown pigment grains. Yellow Thuringian, AbCDg, has yellow-brown hair 
with black tips. All Ab races have very small melanin granules and difuse 
.yellow pigment and all wild rabbits have agouti banding (yellow). Gray 
eyes (dd races), with a cloudy, turbid medium on a dark background, have 
the .same physical basis as blue-gray hair color. When pigment granules 
clump in the hair, the pigment cells (melanophores) clump in the iris. 


Sailer’s theory that the white hair of albinos is a highly oxidized 
stage in pigmentation, is disposed of by the observation that the black 
pigment obtained by him by reduction” of albino hair with stannous 
chloride is not identical with the natural pigment of black hair. The 
yellow pigment of b and G races arises neither from oxidation nor 
reduction of melanin and has quite a different basic structure. Danneel 
accepts the results of Raper (1926, 1927) but not those of Sailer. The 
*'red pigment” of Raper has been found in an Annelid as an accessory 
respiration catalyzer. A precursor of melanin, it is probably 5 : 6-di- 
hydroxyindole-2-carboxylic acid. Melanin may be a further oxidation 



Many chinchillas, especially the black ones, have mottled eyes due 
to the reduction of the pigment in the front part of the iris to flecks 
and spots on a blue background. This may correspond with some 
of the hazel” eyes in man, which may therefore represent a dilution 
effect, although Nachtsheim thinks the mottling of eyes is due to a 
separate (pattern) factor with no effect on coat color. This mottling 
effect through dilution, which is only seen in chinchilla rabbits, may 
be likened to the dilution red spotting seen in the sepals of Oenothera 
(Gates, 1915) and the petals of cotton (Harland, 1936), after back- 
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crossing to the recessive type. It is quite likely that some of the pig- 
ment patterns in the human iris are similar dilution effects. 

Dutch-spotting in rabbits is recessive to self-color. The gene affects 
hair and iris color equally. The extreme minus variation is a rabbit 
almost entirely white with blue eyes. Animals with somewhat more 
pigmentation frequently show heterochromia iridis (blue and dark 
brown, gray and blue, etc.). The eye may be blue with a darker sector 
or dark with a blue sector. The White Vienna with blue eyes repre- 
sents a mutation in another chromosome. When these two factors 
producing blue eyes are united in a heterozygote they behave more 
or less as a dominant. This change in dominance may be similar to 
that already mentioned in the blue-eyed Singhalese (p. 92). 

The genetics of eye color in cats has certain points of interest in relation 
to human genetics. Sichel (1847) records that he made observations on 
white, blue-eyed, deaf cats for over twenty years and always found a corre- 
lation between blue eyes and deafness. In one case the iris began to darken 
at the end of four months and then the kitten first began to hear. Przibram 
(1908) found that in Angora cats, an animal having one blue and one yellow 
eye when crossed with a cat having blue eyes or yellow eyes gave some off 
spring with heterochromidia and some with symmetrical eye color. The 
color of either eye can be inherited in both eyes of the offspring. The asym- 
metry could also apparently be reversed, blue (right) yellow (left) producing 
yellow blue, or vice versa. 

Tjebbes (1924) found that in Siamese cats eye color is closely correlated 
with coat color. In blue eyes there is no tapetum and only minute traces of 
retinal pigment. In yellowish, gray or brownish gray eyes there is pigment 
on the outer as well as the inner side of the iris and also usually in the retina 
and choroid, the tapetum lucidum being a special modification of the front 
or retinal side of the choroid. Tjebbes also describes a cat with one blue 
and one yellow eye, the latter eye having a complete tapetum but no retinal 
pigment. 

Bamber (1927) finds that in domestic cats white-spotting is domi- 
nant to self color, solid white being dominant to all colors. White 
cats often have blue eyes and it has long been recognized that such cats 
are usually deaf. Sometimes one eye is blue and one yellow. In this 
case the ear on the blue side is generally deaf whereas the ear on the 
yellow side is normal. This emphasizes the close relation between 
ear defect and eye depigmentation. Darwin {Animals and Plants) 
suggested that this is due to slight arrest in the development of the 
nervous system. The eyes of kittens are blue long after they are 
opened, but these kittens are not deaf; and it is not true that only 
male blue-eyed cats are deaf. In dogs, the piebald white pattern may 
invade the inner ear and produce deafness, as in Bull and Fox Terriers 
(Wright, 1918). In a further study, Bamber (1933) found considerable 
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correlation between blue eyes, dominant white coat and deafness, both 
in males and females. In how far this is a matter of genetic linkage 
or of multiple effects of one gene is still unknown. 

Staples-Browne (1908) observed that in very young pigeons the iris color 
is dark, the adult color usually appearing in two months. In the wild rock 
pigeon, Columba livia, and in many domestic varieties the iris is orange, in 
many other varieties it is white or pearl or red, while in most varieties with 
white plumage it is black, bull or hazel. In the stock dove (C. oenas) the eye 
is peculiar, its black color being due to the presence of branching cells packed 
with dark granules in the iris and in deeper tissues. 

Many observations on the eye colors of birds and their inheritance 
are recorded by Bond (1919). His studies were chiefly of pigeons and 
fowls, although references are made to many other species. The pig- 
ment granules producing eye color may be black, brown, yellow, ruby 
or pearl. The “bull” eye owes its black color, as in the white fantail 
pigeons, to the absence of pigment from the anterior surface of the 
iris. The posterior uveal pigment shines through the translucent 
tissues of the iris and gives the eye its color. The ruddy glow of this 
eye is due to the plexus of blood vessels. (A similar type of eye occurs 
In guinea pigs of the type which Castle calls red-eyed silver agouti.) 
But in most birds with dark or black eyes, the color is due to the 
presence of anterior iris pigment. 

In the pearl or white eye of pigeons and the “daw” eye, as in the 
Malay fowl, there is no anterior pigment in the iris, but its tissues are 
opaque, owing to the presence of crowded colorless granules. This 
apparently corresponds with the “wall” eye in horses, dogs and pigs. 
The muscle fibres of the avian eye, however, are striated or voluntary, 
and not plain as in the mammals. Pearl eye in pigeons is recessive 
to yellow or “gravel” eye, as “daw” eye in fowls is to amber or black 
eye when the latter Is due to anterior pigment. The yellow eye derives 
its color from a network of branching cells containing yellow granules. 
If the latter are closely packed, the eye may appear black. In fowls 
the yellow eye may be due to (i) granules in the connective- tissue 
cells; (2) granules In the striated muscle cells, as In Dorkings and 
Orpingtons. In owls the yellow eye is due to bright yellow granules 
in cells coating the iris 

Brown and black eyes in birds are produced by a layer of branching 
cells on the iris containing dark pigment granules. Ruby eyes are 
produced in various ways in different birds; and some birds, such as 
certain birds of paradise, have particolored irides. Genetically, black 
due to pigmented iris is dominant over yellow and other grades of iris 
pigmentation. 
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Hollander and Owen (1939) show that in pigeons pearl is a simple reces- 
sive to the normal orange. Pearl, which is faintly yellow, accompanies the 
factor for chocolate plumage. Unlike fowls, the pigeon iris has no carotenoid 
pigment. Chemical tests also show no flavines or flavones. The yellow pig- 
ment is not xanthine but is probably melanin-like. 

Hair Color 

Reference has already been made to the hypothesis (p. 95) that 
the various types of eye and hair coloring as regards blond and brunet 
can be explained on the basis of one pair of factors (E) for eye color 
and another (H) for hair color, both of which act in the heterozygous 
or homozygous condition to produce time effects in color change. 
As we found it necessary to assume crossing-over between E and H, 
to account for the origin of the blond type, it is necessary to assume 
that these genes occupy different loci in the same pair of chromosomes. 
In that analysis red hair was included with the dark, but it clearly 
requires separate gene representation. 

Various hypotheses regarding the relation of red to brown, black 
and blond hair have been formulated, so we must examine more closely 
the matter of hair pigmentation. Before taking up the genetics, it 
is necessary to consider briefly the structure of human hair. A hair 
is typically a tube ; its bore is the medulla, which may contain pigment 
and minute air bubbles; its wall is the cortex, which may also contain 
pigment, and overlapping scales on the surface form the cuticle. It 
is well known that in wild animals such as the rabbit and guinea pig 
the hair is agouti, i.e., the hairs are banded with different colors. In 
man, the hairs of one head are generally regarded as uniform, but 
while this is not always true they are never banded, although some- 
times multicolored. The medulla is variable; it may be continuous, 
more or less discontinuous or even absent. Wynkoop (1929) found 
that the type of the medulla is not correlated with the age of the person 
but with the diameter of the hair, those of widest diameter having 
the largest medulla while the smallest hairs have none. Brown (1942) 
has shown similar conditions in various types of mammalian hair. 
Hausman (1928) found that, from blond to black, the cortical pigment 
granules in each hair increase in number and tend to arrange them- 
selves in ovate masses. In the blond-to-black series the pigment 
granules are melanin, the biochemistry of which is still inadequately 
known. 

In a biochemical study of rabbits with various genotypical coat colors, 
Neumann (1937) concluded that the black, brown and yellow melanins are 
chemically so closely alike that they must have a common origin (ch 
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Danneel, p. 257). Daniel (1938) made a spectrophotometric study of 
melanin from various genotypes in the albino series of mice and found that 
they differ only quantitatively. From black through brown to nearly color- 
less the absorption spectra were nearly identical. Dawes (1941), using 
similar methods, found that frog melanin is nearly or quite identical with 
mammalian melanin and the pigment from a horse melanoma. The red pig- 
ment of human hair is believed by Arnow (1938) to be an oxidation product 
of melanin. It appears that hair color is partly a matter of pigmentation 
and partly of light-interference. See also Jankowsky (1932), who studied the 
oxidation of pigmented hair with hydrogen peroxide and reviewed the whole 
subject. He concluded that rutilism (red hair or beard) can arise in racial 
crosses between blond and black hair. 

Keers (1934), important study of hair color in Holland, found 
that in red hair the pigment was always diffuse, showing all nuances 
(under the microscope) from red to red-yellow and light red, whereas 
Sailer (1927), who thought that red hair is recessive, states that in red- 
haired Malayans he found the red pigment both diffuse and in granules. 
In some colors of hair, brown pigment granules are also present. The 
shade of color results not only from the relative amounts of the two 
colors, but Keers showed that it also depends on the size, number 
and arrangement of the pigment granules, the amount of air in the 
hair, its diameter, the presence of a medulla, etc. 



[•1 = Brown pigment granules 
™ =Red or red-blond beard 


Fig- 30- Pedigree showing inheritance of red hair and beard. (After Keers) 

Keers compiled two Jewish pedigrees of red hair, one of which 
is shown in Fig. 30. The red hairs showed no trace of granules. 
Case III. 10 had two kinds of hairs, i.e., with and without diffuse 
red pigment. Case III. 6 had both diffuse red pigment and brown 
granules in the hairs. Since II. 3, 4 had brown hair, red must be more 
or less hypostatic to brown, but both pigments can occur together, 
as in IV. 3, 4. Keers records the case of a boy (III. 12) with red hair 
which gradually changed to brown as he grew up. He retained some 
hairs with red and some without (diffuse) red pigment. His beard was 
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red, and of course a reddish beard with brown hair is not uncommon. 
Two girls of nine and ten years had hair with diffuse red at the tips 
only. Keers’ second family had red-blond hair with both diffuse red 
and dark-brown pigment granules. It is clear that pure red can be 
derived from (heterozygous) red-blond, a red-blond father and a blond 
mother having four children, one red-blond, two red and one dark 
blond. It appears that red and brown are both represented pheno- 
typically in the hairs of an individual having both genes, so the case 
is something like that of Nabours’ (1929) grasshopper color patterns. 
The epistatic effect of red on brown or blond could thus account for 
the many shades of red hair. There are probable differences also in 
the density or shade of the red pigment. 

Sailer (1927) found red hair not only in natives of Malaya but also 
in Melanesians of New Guinea. He also found small blond groups 
in Melanesia, and showed that Fischer’s assumptions that red is 
dominemt over non-red and that the red factor gradually changes 
brown to red, are wrong. Sailer (1931b) finds red recessive to the 
brown series (blond to black) and assumes intensity factors to account 
for degrees of red. This is in accord with Rodenwaldt’s Kisar hybrids, 
in which red is clearly hypostatic to black or dark hair. But Sailer 



concludes that it is impossible at present to formulate a satisfactory 
theory of pigment inheritance in man. The Davenports (1909) found 
three families in which the parents and all the children had red hair. 
They concluded that red hair is recessive but with many exceptions. 
Sailer suggested that the gene for red hair is allelic to the brown series. 
Scheidt (1925) records a Germcm family (Fig. 31) in which eleven 
members in four generations had red hair and one red-blond, red being 
clearly dominant to blond hair. Ward (1938) found red hypostatic 
to brown in a family in three generations. The red hair was coarse 
and straight, the brown very fine in texture. Neel (1943) analyzed 
twenty-six families in which the parents had red hair and found it 
was due to an incompletely recessive factor hypostatic to black or 
dark brown. Probably not all genes for red hair are alike. 
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Bunak (1925) developed a colorimetric analysis of hair color, using the 
spectrophotometer for the measurement of spectral reflectance. I have not 
been able to see this paper. Gardner and MacAdam (1934) also used this 
method. The percentage of reflectance plotted against the wave length in 
m/Lt gives almost a straight line for black and blond hair, while for red hair it 
curves upwards in the green. By plotting the results, a line can be drawn 
between blond, red, and brown hair. Similar methods may serve in future 
for a much-needed scientific classification of hair colors. Up to the present, 
the difficulties have best been met by using a series of standard samples, as 
with eye colors. Trotter (1939) has given an account of the various classifi- 
cations of hair color hitherto used. 

In a study of the distribution of red hair according to age, Michelson 
(1934) found that in blond, brown and black hair red hairs may be 
present, sometimes only a few, sometimes in larger amounts. He 
examined hair clipped from the right temple of 2397 male whites and 
found a red component in 18 per cent. He also found some polychrome 
hairs, red at one end and black at the other. In twenty-seven persons 
there were black and red sections in the same individual hair, twenty- 
three persons had red and brown sections, eleven persons black and 
brown. This is probably a depigmentation phenomenon, the red 
tending to persist when the brown has disappeared. In general, an 
increase in redness was found from thirty-two to forty-seven years of 
age with minor fluctuations at later ages. 

Bolk (1908a, b) made a survey of red hair in Holland. He examined 
nearly 500,000 children, omitting the Jews, and found about 2.5 per 
cent with red hair. Bolk concluded that rutilism is sui generis and 
not in the blond-black series. Table 9 shows the relations he found 
between eye color and hair color. 

TABLE 9 

EYE COLOR AND HAIR COLOR OF CHILDREN IN HOLLAND 


Hair Color (%) 


Eye Color 

Total 

Blond 

Brown 

Black 

Red 

Blue 

186,033 

8334 

11.81 

2.38 

2.47 

Gray 

152,072 

79.67 

14.66 

3.06 

2.63 

Brown-green 

58,531 

60.68 

28.64 

8.00 

2.55 

Brown 

82,338 

4505 

38.61 

14.28 

2.03 


Thus it appears that whereas blue or gray eyes tend to go with 
blond hair and brown eyes with brown or black hair, the proportion 
of red hair is constant for all eye colors. This indicates that the gene 
for red hair is located in a separate chromosome from the eye-color 
genes. Since the latter are linked with the blond-black hair-color 
series, it follows that red hair is an independent mutation which has 
become uniforml3' distributed at least in the Dutch population. Bolk 
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(1908a) divided hair colors into a nigrochrome series (flaxen to black) 
and a chrysochrome series (golden brown to fiery red). Brown is not 
fully epistatic to red. It is also recognized that the beard and mous- 
tache of men are often red when the head hair is black. This will be 
in men with the factors for both red and black. In the first extensive 
genetic study of hair color in man, the Davenports (1909) found two 
main types of hair pigment; (i) a reddish yellow varying to bright 
red (the pigment diffuse in the hair), (2) light yellow to brown and 
black. When both are present the brown may obscure the red. They 
found these colors in every degree of intensity and dilution, and they 
concluded that children never have darker hair than either parent. 
Also that red hair is a homozygous condition, the pigment being 
assumed to be a lipochrome. The dark red hair of the orang was 
found to be due to sepia-colored granules. 

Philipchenko and Liepin (1913) made a considerable analysis of 
hair color in relation to eye color in Russia. They assume two factors, 
B and C, for black hair. Blond hair is then bbcc and chestnut hair is 
BBcc, Bbcc, bbCC or bbCc. Red hair is bbcc -f a factor hypostatic 
to blond hair. They assume linkage of a factor for dark eyes and a 
factor (B or C) for dark hair. They found in the Leningrad population 
(Table 10) 

TABLE 10 

EYE COLOR AND HAIR COLOR OF CHILDREN IN LENINGRAD 


Blue or gray eyes with blond hair 30.25% 

Blue or gray eyes with chestnut hair 9.92 

Brown or black eyes with black hair 42.84 
Blue or gray eyes with red hair 2.21 


In a study of eye and hair color and blood groups in the Netherlands, 
Bijlmer (1940) distinguished blue, gray or green, and brown eyes, 
with transitions between them. In green eyes a film of brown can be 
seen over the blue. Gray is also a mixed color with a very thin yellow- 
ish layer over the blue, but sometimes gray is due to gray bundles of 
connective tissue in the stroma of the iris. Among over three thousand 
persons examined, two had yellow eyes with dark blond hair. Bijlmer 
supports Bolk’s conclusion that dark pigmentation of hair and eyes 
proceeds from the south and it may have reached the Netherlands 
partly from the sea, the eastern provinces being more blond. The 
Rhine and Meuse form a sharp boundary between brunet and blond 
types because the Roman influence, with brunet pigmentation, orig- 
inally reached to this line. 

Sailer (1929) in a study of 1 14 gymnasts in Flensburg (Schleswig-Holstein] 
concluded that the type belonged to the Cromagnon race. The hair coloi 
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was brown in 51.8 per cent, ash blond 30 per cent, red 1.8 per cent (com- 
pared with 69.4 per cent blond hair in Sweden and 15.6 per cent in Switzer- 
land). Eye color was 86.3 per cent gray to blue and 12.7 per cent brown, 
light eyes generally being combined with light hair. 

Keers (1934) postulates a series of alleles for red hair. He describes 
a family in which the mother was of Sumatran-Portuguese origin with 
very dark hair, and the father a Dutch blond. In four of their descend- 
ants both types of hair are present intermingled. In another family, 
with Italian mother and Dutch father, blond and dark hairs were 
interspersed in the heads of the children. This condition recalls that 
of roan cattle, a cross between red and white in which both types of 
hair are interspersed ; or of certain plant hybrids in which the different 
types of epidermal hairs of the two parents are both present. In red- 
headed Malays, Sailer (1927) found that the red and brown pigments 
were never present in the same hair. In Hauschild’s scheme, the factors 
for red (R) and brown (M) give RRMM (chestnut brown), rrMM 
(brown), RRmm or Rrmm (red), rrMm (blond) and mmn (colorless). 

In a survey of the distribution of red hair, Conitzer (1931) finds 
2 per cent or more in the population of Sweden, Denmark, Holland, 
the British Isles, Switzerland and Iceland; less than i per cent in the 
Mediterranean countries of southern Europe. The frequency in many 
parts of the world is unknown but he concludes that it is present in 
all races, although most frequent in Europe. In GaIx)on, West Africa, 
Negroes have been recorded with black skin, clear red hair, eyebrows 
and eyelashes. Stefansson found red hair among the isolated Eskimos 
of Victoria Island, others have observed it in the Ainu, but it is very 
rare among Mongolians. Three red-haired Japanese were nevertheless 
recorded among 2361. Rutilism is also known in the Malay archipelago 
and New Guinea. Conitzer gives a number of pedigrees showing 
red-hair inheritance and postulates the following allelic factors: R for 
yellow-red, pigment, fi for yellow (weak red) pigment, r for lack of 
red pigment. He recognizes that the red may be obscured in the hair 
by black, but the red factor may then manifest itself in a red beard ; 
also that two clear blond parents never have a red-haired child. The 
strong correlation between red hair and freckles of the skin is also 
recognized. Red hair is correlated with fair skin and light eyes but 
can occur vvith albinism, especially in the dark-skinned peoples. 
J. Bauer regarded freckles as a dominant character, but Skerlj (1930) 
mentions certain cases which contradict this conclusion. 

It has generally been assumed that blond hair is lacking in melanin and 
that the graying of hair is a process of depigmentation or loss of melanin 
granules. Stary and Richter (1938) present quite a different view. On the 



EYE COLOR AND HAIR COLOR 


123 


basis of biochemical work they find that blond and white hair consists mainly 
of a leucokeratin, like that of the fingernails, of which even black hair has a 
little. Black hair contains mainly melanokeratid, a substance which consists 
of a protein portion separated from a melanin-like pigment by hydrolysis 
with acids. Blond, brown and black hair would then contain leucokeratin 
and melanokeratid in different proportions. This idea is very difficult to 
harmonize with the observed fact that melanin is contained in granules 
within the otherwise colorless hair. A third substance, rhodokeratid, is 
found in red hair. 

Clay, Cook and Routh (1940) state that in eukeratins such as wool and 
hair the basic amino acids (histidine, lysine and arginine) are present in a 
relatively constant molecular ratio of i : 4 : 12, while the non-basic amino 
acids, especially cystine, show wide variations. They analyzed 120 samples 
of human hair and found that dark hair contained more cystine than light. 
More cystine and cysteine were found in the hair of males than of females. 
Red hair and that of an albino female showed no marked difference from 
hair of other colors, except that cystine was lower in albino hair than the 
average for light hair. Gray hair was not tested. 

Sorby in 1878 showed that a red pigment could be extracted from bright 
red human hair, but not from animal hair, by mineral acids. Rothman and 
Flesch (1943) have recently found that the pigment of red human hair is a 
complex phenolic iron compound having OH attached to a heterocyclic ring 
containing N. It is a purplish red substance in acid pH, becoming brown in 
an alkaline medium. This confirms its independence of the brown melanin 
series. 

E. Fischer (1939) bases his views of hair pigmentation on the work 
of Stary and Richter, and assumes that the whitening of hair is a hor- 
monal process in which more leukokeratin than melanokeratin is 
produced. He suggests that when the genes for brown and red hair 
are both present the result is not a mixture but a brown-red keratin 
which is of different composition from either. He states that a mother 
with dark hair will often have a child born with dark hair, due to 
hormones circulating through the placenta. This falls out in a few 
weeks and is replaced by blond hair which may darken later. Until 
more is known regarding the chemical nature and relations of melanin 
and keratin it would be unsafe to erect an hypothesis of hair color 
on the basis of leukokeratin. It has to be remembered that melanin 
pigment occurs in the iris, the skin, and in diseased conditions may 
occur in many other parts of the body in the absence of keratin. 
Landois (1866) described a case of overnight graying of the hair and 
beard in a man with delirium tremens. He ascribed both sudden and 
slow graying to the formation of air bubbles in the hair shaft. 

Some have assumed a colorless precursor of melanin. Gorter (1935) found 
that depigmentation of the fur of cats, rabbits and rats could be produced 
by absence of copper and that the pigment could be restored by the addition 
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of copper to the diet. Copper may thus act as a catalyst to pigment forma- 
tion. A Japanese has shown that in black human skin and hair the copper 
content is somewhat greater than in brown, which is again greater than in 
skin and hair of whites. Richter and Clisby (1941) found that phenylthio- 
carbamide, which is highly lethal to rats, produced definite graying and 
hyperthyroidism when given in small quantities. On returning to normal 
diet they slowly turned black again. Others have found that the vitamin B 
complex is concerned in hair depigmentation, and Sieve (1941) has found 
that small doses of ^-aminobenzoic acid cause darkening of gray hair, jvhile 
Oleson, Elvehjem and Hart (1939) found that liver extract was effective in 
preventing depigmentation of the hair. These results serve as sidelights on 
the biochemistry of hair pigmentation. 

Wright (1941) has discussed the physiology of melanin formation 
in relation to mammal coat colors. There are indications that each 
gene intervenes at one or more definite points in a system of interacting 
chain reactions to affect the rate of the reaction. Melanin appears 
to be produced from tyrosin or allied substances, especially dopa 
(3-4-dioxyphenylalanine, a cyclo-amino-acid related to adrenalin), 
under the influence of oxidases. The dopa reaction is an indicator 
of the presence of the pigment-forming oxidase and hence the power 
to produce melanin. Bloch (1929) studied melanin formation in 
Addison's disease. He shows that in melanoblasts the pigment is 
formed only in the cytoplasm. 

Kaliss (1942) has made a study of the process of pigmentation in the hair 
of the mouse. He finds that basically the physiology of pigment production 
is the same for all colors, i.e., oxidation of a melanogen such as tyrosine in 
the presence of an oxidase to form melanins. The pigment appears first as 
granular cytoplasmic inclusions in certain cells of the follicle. These granules 
range in size from the limits of resolution to 1.5 m m diameter. The histo- 
genesis of yellow and brown-black pigment is the same. In agouti hair the 
transition from one to the other is not sharp. There is no evidence of 
** colorless chromogens" in albinos nor in the white hair of piebald mice. 

Bogart and Ibsen (1937) made a microscopic study of red, black 
and other hair colors in cattle (and guinea pigs) in relation to the 
factors B, Bs, E, R and C, the results of which will be useful for com- 
parison with human hair color. 

LITERATURE 

Allan, J. 1905. Heterochromia iridis. Brit, Med. J, i. 990. 

. 1906. Heterochromia iridis. Brit, Med. J. i. 977-978. 

Arnow, L. E. 1938. The acid-soluble pigment of red human hair. 

Biochem. J. 32:1281-1284. 

Bamber, Ruth C. 1927. Genetics of domestic cats. Bibliogr. Genet. 3:1- 

86 . 



EYE COLOR AND HAIR COl.OR 125 

Bamber, Ruth C. 1933. Correlation between white coat color, blue eyes 
and deafness in cats. J. Genet. 27:407-413. 

Beddoe, John. 1885. The Races of Britain. Bristol & London. Pp. 271. 

Bijlmer, H. J. T. 1940. Contribution to the anthropology of the Nether- 
lands. Proc. Konink. Nederl. Akad. Wetens. 43:113-139. 

Bloch, Bruno. 1929. The problem of pigment formation. Am. J. Med. 
Sci. 177:609-618. Figs. 4. 

Bogart, R. & Ibsen, H. L. 1937. The relation of hair and skin pigmenta- 
tion to color inheritance in cattle, with some notes on guinea-pig hair 
pigmentation. J. Genet. 35:31-59. Pis. 4. 

Bolk, L. 1908a. Heeft de roodharigheid de beteekenis van nuance of van 
varieteit? Nederl. Tijdschr. Geneesk. 52:216-230, 463-469, 643-646. 

. 1908b. (iber die Verbreitung des Rothaarigen in den Niederlan- 

den. Zeits.f. Morph, u. Anthrop. 11:139-152. 

Bollag, L. 1927. Untersuchungen iiber die Vererbung von Mischfarben 
der Iris beim Menschen. Arch. J. Klaus-Stift. 2:191-205. PI. i. 

Bond, C. J. 1912. On heterochromia iridis in man and animals from the 
genetic point of view. J. Genet. 2:99-129. Pis. 4. 

. 1919. On certain factors concerned in the production of eye 

colour in birds. J. Genet. 9:69-81. 

Bosshart, H. 1939. Anthropologische Untersuchungen im Engstligen- 
und Frutigtal. Arch. J. Klaus-Stift. 14:1-194. Pis. 21, figs. 55. 

Brown, F. M. 1942. The microscopy of mammalian hair for anthropolo- 
gists. Proc. Am. Phil. Soc. 85:250-274. 

Brues, A. M. 1939. Sibling resemblances as evidence for the genetic 
determination of traits of the eye, skin and hair. Ph.D. Thesis. Har- 
vard. 

Bryn, H. 1920. Researches into anthropological heredity. I. On the 
inheritance of eye colour in man. Hereditas i :i 86-2 12. 

. 1926. Ueber die Augentypen in Norwegen und ihre Vererbungs- 

verhaltnisse. Skr. utg. av Det Norske Vi^ensk-Akad. No. 9, pp. 57, 
pis. 2. 

Bullough, W. S. 1942. The reproductive cycles of the British and Con- 
tinental races of the starling. Phil. Trans. Roy. Soc. B. 231:165-246. 
Pis. 10, figs. 52. 

*Bunak, V. 1925. Ein Versuch der Bestimmung des Fenotypus der 
Haarfarbe mittels der Spectro-Photometrie. Bull. Soc. Nat. Moscow, 
Sect. Biol. Exper. 1:143. 

Calhoun, F. P. 1919. Causes of heterochromia iridis with special refer- 
ence to paralysis of the cervical sympathetic. Am. J. Ophthal. 2:255- 
269. Figs. 2. 

Clay, R. C., Cook, K. & Routh, J. I. 1940. Studies in the composition 
of human hair. J. Am. Chem. Soc. 62:2709-10. 

Conitzer, H. 1931. Die Rothaarigkeit. Zeits. f. Morph, u. Anthrop. 
29:83-147. 

Daniel, J. 1938. A spectrophotometric study of mouse melanin. J. Genet. 
36:139-143. 

Danneel, R. 1936. Die Farbung unserer Kaninchenrassen und ihre histo- 
genetischen Grundlagen. Zeits.f. Abst.u.Vererh. 7i:23i-264» Figs. 18. 



126 HUMAN GENETICS 

Davenport, C. B. 1927. Heredity of human eye color. Bibliogr. Genet. 
3:443-463. 

Davenport, G. C. and C. B. 1907. Heredity of eye color in man. Science 

26:589-592. 

Davy, John. 1861. Some observations on the albino. Trans. Roy. Soc. 
Edinb. 22:507-509. 

Dawes, B. 1941. The melanin content of the skin of Rana temporaria 
under normal conditions and after prolonged light- and dark-adapta- 
tion. J. Exper. Biol. 18:26-49. 

Ellis, R. W. B. 1931. Heterochromia of irides and hair. Proc. Roy. Soc. 
Med. 24:1057-1058. 

Eskelund, V. 1938. Structural variations of the human iris and their 
heredity, with special reference to the frontal boundary layer. London : 
Lewis. Pp. 242. 

Fantham, H. B. 1926. S. Afr. J. Sci. 23:635-636. 

Fischer, E. 1939. Versuch einer Phanogenetik der normalen korperlichen 
Eigenschaften des Menschen. Zeits.f. Abst. u. Vererb. 76:47-117. 
Fleischhacker, H. 1936. Ober die Vererbung der Augenfarbe. Zeits. /. 

Vererb. u. Konst-lehre 19:643-666. Figs. 16. 

Ford, E. B. and Huxley, J. S. 1927. Mendelian genes and rates of de- 
velopment in Gammarus Chevreuxi. Brit. J. Exp. Biol. 5:112-134, 
PI. I. 

Freerksen, E. 1938. Die Struktur der menschlichen Iris und ihre Verer- 
bung. Zeits.f. Anat. u. Entw. 109:207-229. Figs. 41. 

Frets, G. P. 1925. Over de erfelijkheid van de oogkleur. Genetica 7:65- 

86 . 

. 1932. Family investigations on the heredity of eye color in man. 

Proc. 6th Internal. Congr. Genetics 2:53-57. 

1935. Heredity of eye color in man. Eugen. News 20:1-3. 

Galloway, A. R. 1912. Notes on the pigmentation of the human iris. 
Biometrika 8:267-279. 

Galton, Francis. 1889. Natural Inheritance. London: Macmillan, 
pp- 259 - 

Gardner, B. B. & MacAdam, D. L. 1934. Colorimetric analysis of hair 
color. Am. J. Phys. Anthrop. 19:187-201. 

Gates, R. Ruggles. 1915. On the modification of characters by crossing. 
Amer. Nal. 49:562-569. 

. 1938. Blue eyes in natives of Ceylon. Brit. Med. J. i. 921-922. 

Godin, P. 1933. Evolution de la '‘couleur des yeux” sous Finfluence de la 
‘'pubert6.'’ Bull. Acad. Med. Paris 109:657-660. 

Gorter, F. J. 1935. Depigmentation, a new dietary deficiency disease 
cured by copper. Nature 136:185. 

. 1935. Dietary depigmentation of young black and pied rats, 

promoted by rapid growth, prevented and cured by ingestion of copper. 
Zeits.f. Vitamin-forsch. 4:277-293. Figs. 8. 

Gossage, A. M. 1908. The inheritance of certain human abnormalities. 
Quart. J. Med. 1:331-347. 

Gray, John. 1907. Memoir on the pigmentation survey of Scotland. 
J. Roy. Anthrop. Inst. 37:375-401. 



EYE COLOR AND HAIR COLOR 


127 


Gross, K. 1921. Ueber Vererbung von Augen und Haarfarbe und den 
Zusammenhang beider. Arch, f. Rass. u. Ges.-Biol. 13:164-175. 
Hagler, K. 1941. Anthropoiogische Studie iiber die Bewohner des Ta- 
vetsch, eines alpinen Hochtals im Kan ton Graubiinden (Schweiz). 
Arch. J. Klaus-Stift. 16:1-224. Pis. ii. 

Harland, S. C. 1936. The genetical conception of the species. Biol. Revs. 
11:83-112. 

Hausman, L. A. 1928. The pigment granules of human head hair. Am. 
J. Phys. Anthrop. 12:273-283. 

. 1934. Histological variability of human hair. Am. J. Phys. 

Anthrop. 18:415-429. Figs. 5. 

Hesch, M. 1931. Ueber Pigmentierungsverhaltnisse der menschlichen 
Iris nach Alter und Geschlecht. Verh. Ges. Phys. Anthrop. 5:9-25. 
Figs. 5- 

Hollander, W. F. & Owen, R. D. 1939. Iris pigmentation in domestic 
pigeons. Genetica 21:408-419. 

Hooton, E. A. 1940. Stature, head form, and pigmentation of adult 
male Irish. Am. J. Phys. Anthrop. 26:229-249. 

Hughes, B. O. 1944. The inheritance of eye color in man — brown and 
nonbrown. Contrih. Lab. Verteb. Biol. No. 27. Pp. 10. 

Hurst, C. C. 1908. On the inheritance of eye color in man. Proc. Roy. 
Soc. B. 80:85-96. 

. 1912. Mendelian heredity in man. Eugen. Rev. Pp. 25, 

figs. 6. 

Iljin, N. A. 1926. Ruby eye in animals and its heredity (Russian). Trudy 
Lab. Exp. Biol. Zooparka, Moscow 1:107-129. 

Jankowsky, W. 1932. Beitrag zur Frage der Haarpigmente. Zeits. f. 
Rassenphysiol. 5:1-48, 111-119. 

Jochelson, W. 1928. Peoples of Asiatic Russia. Mem. Amer. Mus. Nat. 
Hist. Pp. 277, figs. 42, maps 10. 

Kaliss, N. 1942. The morphogenesis of pigment in the hair follicle of the 
house mouse. J. Morph. 70:209-218. PI. i. 

Karve, 1 . 1931. Beobachtungen iiber die Augenfarben an Chitpavan- 

Brahmanen. Zeits. f. Morph, u. Anthrop. 29:498-501. 

Keers, W. 1934. Ober die Erblichkeit des menschlichen Kopfhaares. 

Arch.f. Rass. u. Ges. Biol. 27:362-389. 

Kollmann, Dr. 1883. Die statistischen Erhebungen fiber die Farbe der 
Augen, der Haare und der Haut in den Schulen der Schweiz. Nouveau 
Mem. Soc. Helvet. Sci. Nat. 28. Pp. 42. 

Kranz, H. W. 1926. Beobachtungen und Bemerkungen zum Hetero- 
chromie-problem. Arch.f. Ophth. 117:554-574* 

Landois, L. 1866. Das plotzliche Ergrauen der Haupthaare. Virchow's 
Arch. 35:575'-599- PI. i. 

Lenz, F. 1921. Ueber geschlechtsgebundene Erbanlagen ffir Augenfarbe. 

Arch.f. Rass. u. Ges.-Biol. 13:298-300. 

Lundborg, H. 1920. Sozialanthropologische Untersuchungen in Schwe- 
den. Hereditas 1:163-177. 

Mann, Ida. 1931. The iris in the Vertebrates. Trans. Zool. Soc. Land. 
21:355-412. Col. pis. 5. 



128 HUMAN GENETICS 

MacConaill, M. A. 1938a. The stature of male school children in relation 
to hair and eye colour. Ann. of Eugen. 8:117-125. 

. 1938b. Blood groups and pigmentation. Nature 141:923. 

. 1941. The classification of hair and eye colour upon develop- 
mental and genetic bases. Ann. of Eugen. 1 1 :173-I78. 

MacConaill, M. A. & Ralphs, F. L. 1936. Post-natal development of 
hair and eye colour, with special reference to some ethnological problems. 
Ann. of Eugen. 7:218-225. 

Martin, R. 1928. Lehrbuch der Anthropologic. Jena. 

Maung, K. 1941. Discriminant analysis of Tocher’s eye colour data for 
Scottish school children. Ann. of Eugen. ii :64~76. 

Michelson, N. 1934. Distribution of red hair according to age. Am. J. 
Phys. Anthrop. 18:407-413. 

Nabours, R. K. 1929. The genetics of the Tettigidae (grouse locusts). 
Bibliogr. Genet. 5:27-104. Col. pis. 2. . 

Nachtsheim, H. 1933. Die genetischen Bezieliungen zwischen Korper- 
farbe und Augenfarbe heini Kaninchen. Biol. Zentlbl. 53:99-109. 

Neel, J. V. 1943. Concerning the inheritance of red hair. /. Hered. 
34:93-96. 

Neumann, P. 1937. Haarpigmentuntersuchungen an verschiedenen Farb- 
rassen des Kaninchens. Biol. Zentlbl. 57:522-550. 

Nowak, H. 1932. Ein Stammbaum von erblicher Heterochromie der 
Iris. Deut. Med. Wochens. 58:94. 

Oleson, J. J., Elvehjem, C. A. & Hart, E. B. 1939. Nutritional achroma- 
trichia. Proc. Soc. Exp. Biol. Med. 42:283-285. 

Passow, A. 1932. liber gleichseitige Vererbung von sektoren-formiger 
Irispigmentierung, zugleich ein Beitreig zur Frage der gleichseitigen 
Vererbung iiberhaupt. Arch.f. Rass. u. Ges.-Biol. 26:417-421. Figs. 6. 

. 1934. Okulare Paresen im Symptomenbild des ‘'Status Dysra- 

phicus.” Miinch. Med. Wochens. 81:1243. 

Pfitzner, W. 1897. Ein Beitrag zur Kenntnis der sekundarer Geschlechts- 
unterschiede beim Menschen. Morph. Arb. 7:473-514. 

Philipchenko, J. & Liepin, T. 1913. Zur Frage der Vererbung von Augen- 
und Haarfarbe bei dem Menschen. Bull. Bureau Eugenics, Petrograd 
1:10-14. 

Przibram, H. 1908. Vererbungsversuche fiber asymrnetrische Augenfar- 
bung bei Angorakatzen. Arch. f. Entiv.-Mech. 25:260-265.- 

Punnett, R. C. 1928. Further notes on Dutch and English rabbits. J. Ge- 
netics 20:247-260. Figs. 6. 

Raper, H. S. 1926. The tyrosinase-tyrosine reaction. V. Production of 
/-3 :4-dihydroxy phenylalanine from tyrosine. Biochem. J. 20.735-742. 

. 1927. VI. Production from tyrosine of 5 :6-dihydroxy-indole and 

5:6-dihydroxy-indole-2-carboxylic acid — the precursors of melanin. 
Biochem. J. 21 :89-96. 

Richter, C. P. & Clisby, K. H. 1941. Graying of hair produced by inges- 
tion of phenylthiocarbamide. Proc. Soc. Exp. Biol. Med. 48:684- 
687. Figs. 2. 

Riddell, W. J. B. 1942. Studies in the classification of eye colour. Ann. 
of Eugen. 1 1 :245-259. 



EYE COLOR AND HAIR COLOR 


129 


Riddell, W. J. B. 1943. 11 . Ann, of Etigen. 12:24-30. 

Roberts, E. 1945. Occurrence of red-eye in swine. /. Hered. 36:207-208. 
Figs. 2, 

Rothman, S. & Flesch, P. 1943. Isolation of an iron pigment from human 
red hair. Proc. Soc. Exp. Biol, df Med. 53:134-135. 

Sailer, K. 1927. Erblicher Rutilismus in der Malayischen Inselwelt. 
Zeits.f. Abst. u. Vererb. 45:202-231. 

. 1929. Untersuchungen iiber Konstitutions- und Rassenformen 

an Turnern der deutschen Nordmark. Zeits. f. Vererb. u. Konstdehre 
14:151. Figs. 8. 

. 1931a. Elne neue Augenfarbentafel. Zeits. /. Konstdehre 

15:674-678. Col. pi. 

. 1931b. Ober den Erbgang der Rothaarigkeit beim Menschen. 

Zeits. f. Abst. ti. Vererb. 59:203-219. 

Sawin, P. B. 1932a. Hereditary variation of the chinchilla rabbit. J. of 
Ilered. 23:39-46. 

. 1932b. Albino allelomorphs of the rabbit with special reference 

to blue-eyed chinchilla and its variations. Carnegie Inst. Publ. No. 427. 
Scheldt, W. 1925. Einige Ergebnisse biologischer Familienerhebungen. 
Arch.f. Pass. Biol. 17:129-148. 

Schwagerle, F. 1938. Irisstruktur und Augenfarbe bei ein- und zweieiigen 
Zwillingen. Zeits.f. Vererb. u. Konst. 22:545-577. Figs. 24. 

Sedgwick, W. 1861. On sexual limitation in hereditary disease. Brit. 

Foreign Med.-Chirurg. Rev. 27477-489, 28:198-214. 

Sichel, Dr. 1847. Note sur un rapport remarkable entre le pigment des 
poils et de I’iris et la faculty de Louie chez certains animaux. Ann. des 
Set. Nat. Zool. Ser. 3, 8:239-241. 

Sieve, B. F. 1941. Clinical achromatrichia. Science 94:257-258. 

Skerlj, B. 1930. Beitrage zur Anthropologic der Slowenen. Zeits. f. 
Morph, u. Anthrop. 28:213-237. 

Soiiter, W. C. 1906. Heterochromia iridis. Brit. Med. J. i. 1219. 

Staffe, A. 1922. Untersuchungen iiber asymmetrische Augen und Haar- 
farbe der Schulkinder des Kuhlandchens. Arch. f. Rass. u. Ges.-Biol. 

14 ••305-314- 

Staples-Browne, R. 1908. On the inheritance of colour in domestic pi- 
geons with special reference to reversion. Proc. Zool. Soc. Lond. 1908: 
67-104. 

Stary, Z. & Richter, R. 1938. Das Leukokeratin und die Chromo- 
proteide des Menschenhaares. IIoppe-SeyleFs Zeits. f. physiol. Chem. 
253:159-169. 

Steggerda, M. 1930. The inheritance of eye-color. Eugen. News 15:175. 
Streiflf, J. 1919. Beobachtungen und Gedanken zum Heterochromie- 
problem. Klin. Monatsbl. f. Augenhlk. 62:353-390. 

. 1932a. Revision alterer und neuer Befunde zum Verstandnias der 

echten Friih-Heterochromie. Klin. Monatsbl. f. Augenhlk. 88:751-761. 

. 1932b. Zur Uebereinstimmung und Nichtiibereinstimmung der 

Haut-, Haar- und Augenfarbe, und uber den Erbanteil der Uvea und 
den Anteil des Sympathikus an der schliesslichen Gestaltung und Far- 
bung der Iris. Klin. Monatsbl. f. Augenhlk. 88:577-600. 



130 


HUMAN GENETICS 


Tjebbes, K. 1924. Crosses with Siamese cats. J, Genet, 14:355-366. 
Tocher, J. F. 1908. Pigmentation survey of school children in Scotland. 
Biometrika 6:129-235. Pis. 26. 

Trotter, Mildred. 1939. Classifications of hair color. Am, J, Phys, 
Anthrop. 25 :237-26o. 

Usher, C. H. 1920. Histological examination of an adult human albino’s 
eyeball, with a note on rnesoblastic pigmentation in foetal eyes. Bio- 
metrika 13:46-56. Pis. 2. 

Vogt, A. 1938. Weitere Augenstudien an eineiigen Zwillingen hoheren 
Alters fiber die Vererbung der Altersmerkmale. Klin, Monatsbl. f, 
Augenhlk. 100:497-544. Figs. 123. 

Wagensail, F. 1931 Anthropologische Untersuchungen an anatolischen 
Tfirken. Zeits.f, Morph, u, Anthrop. 29:193-260. Pis. 8. 

Ward, T. 1938. Variation in hair color and texture. Eugen, News 23:10. 
Wellington, R. H. 1906. Heterochromia iriclis. Brit, Med, J. i. 1219. 
Weninger, J. 1934. Irisstruktur und Vererbung. Zeits, f. Morph, u. 
Anthrop, 34:469-492. 

Wessely, K. 1932. Ober geflechte (getigerte) Iris. Klin, Monatsbl. f. 
Augenhlk, 88:245. 

Winge, O. 1921. On a partial sex-linked inheritance of eye color in man. 

Compt. Rend, Lab. Carlsberg 14, No. 12, pp. 23. 

Wright, Sewall. 1918. Color inheritance in mammals. IX. The dog. 
J. Tiered. 9:87-90. 

. 1941. The physiology of the gene. Physiol. Revs. 21 :487-527. 

Wynkoop, E. M. 1929. A study of the age correlations of the cuticular 
scales, medullas, and shaft diameters of human head hair. Am, J. Phys, 
A nthrop, 13:177-187. 



Chapter VI 


THE INHERITANCE OF COLOR-BLINDNESS 


P ERSONS with normal vision can distinguish about 165 shades of 
color in the spectrum, while to the color blind particular zones 
appear more or less weak or colorless. Vision may be defective for any 
of the four primary colors, red, green, yellow and blue, or for all of 
them. Red-green and yellow-blue form complementary pairs in differ- 
ent types of color-blindness. The normal eye is totally color blind at 
the periphery of the field of vision, the adjacent zone being red-green 
blind. In color-blind persons the condition is more marked when they 
are fatigued. 

From the point of view of color vision, persons are sometimes classi- 
fied as monochromats, who are totally color blind, dichromats and 
(normal) trichromats. The dichromats or color blind are again classed 
as protanopes and deuteranopes (both of which fail to distinguish 
colors in the red-green region of the spectrum and differ in their 
luminosity curves) and tritanopes, who cannot distinguish colors in the 
blue-green. These various types will be considered later. 

The ordinary types of color-blindness are now well known to be 
inherited as sex-linked recessives, the gene being in the X-chromosome. 
This is transmitted by a father to all his daughters, who are therefore 
heterozygous for the condition. The daughters are nevertheless gen- 
erally normal in color vision since the condition is recessive. A son 
always receives his X-chromosome from his mother. Since the mother 
has two X-chromosomes, one of which carries the gene for color-blind- 
ness, half the sons of the daughters of a color-blind man will, on the 
average, be color blind. Until the role of the X-chromosome in deter- 
mining sex was understood this method of inheritance seemed quite 
mysterious, but it is now clear that the gene merely follows the path of 
the X-chromosome from one generation to the next. Wilson (191 1), in a 
classical paper, first expressed the sex-linkage hypothesis when the 
history of the X- and Y-chromosomes had become clear both in meiosis 

and fertilization (see diagram, Fig. 4, p. ii). 
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Red-green color-blindness was formerly known as Daltonism, because 
Dalton the chemist was color blind and in 1794 described his own color 
sense anomaly.^ The earliest record of this kind appears to be that 
communicated to the Royal Society in 1778 by the Rev. Michael Lort. 
It consists of a letter from Mr. J. Scott to the Rev. Mr. Whisson, of 
Trinity College, Cambridge, describing his infirmity and stating which 
of his relatives possessed it. This was thrown into the form of a pedi- 
gree chart by Cole (1919) and is shown in Fig. 32 with the addition of 



the X- and Y-chromosome symbols, X indicating one which carries the 
gene for color-blindness. No. III. 3 is the deponent and it will be seen 
that his father and his mother’s brother were also color blind. His 
mother had a color-blind son and daughter and she must therefore 
have been heterozygous for the condition. The daughter III. 2 was 
homozygous for color-blindness and must therefore transmit the con- 
dition to all her sons, while all her daughters will be carriers. IV. i and 
2 had in fact a normal sister who is not represented in the pedigree. 

Fathers, on the other hand, never transmit the defect to' their sons. 
They are sons because they have received a Y and not an X from their 
father, and the gene for color-blindness is not contained in the Y. 
Regarding the deponent’s grandparents there is no record, but prob- 
ably both the grandmothers were heterozygous transmitters. This 
is by far the most likely interpretation and it resulted in III. 2 being 
homozygous for color-blindness — a rare condition in women. 

^ I am indebted to Dr. E. G. Conklin for pointing out that a copy of this classical paper is 
in the Library of the Marine Biological Laboratory at Woods Hole. Dalton and one brother 
were affected, another brother and a sister norrhal. He found a laurel leaf “a good match tp a 
stick of red sealing-wax"; also “no material difference between pink and light blue by day, 
but a striking contrast by candle-light." 
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In the famous paper of Clerk Maxwell (1855) on color vision and 
color-blindness he considered the theories of Newton, Young and Helm- 
holtz on color vision and tested color-blind persons with the pure 
spectrum. He says, “it appears that though the red appears much 
more obscure than other colors, it is not wholly invisible, and, what is 
more curious, resembles the green more than any other color. The 
spectrum to them (the color blind) appears faintly luminous in the red ; 
bright yellow from orange to yellow, bright but not colored from yellow- 
green to blue, and then strongly colored in the extreme blue and violet, 
after which it seems to approach the neutral obscure tint of the red. It 
is not easy to see why an insensibility to red rays should deprive the 
green rays, which have no optical connection with them, of their dis- 
tinctive appearance. The phenomena seem rather to lead to the con- 
clusion that it is the red sensation which is wanting, that is, that sup- 
posed system of nerves which is affected in various degrees by all light, 
but chiefly by red.” He proceeds to test this hypothesis on four color- 
blind men with satisfactory results. Maxwell contrived an interesting 
pair of spectacles for the color blind, one glass being red, the other 
green. By using them, the difference between red and green could be 
clearly perceived. It is not necessary to enter into modern theories of 
color vision here, but it may be stated that there are still adherents o) 
both the Young-Helmholtz and the Ladd-Franklin theories. The 
former theory requires three sets of sensory receptors in the retina or of 
optic nerve fibres, related to the sensations of red, green and violet ‘ 
Le Gros Clark (1940) finds evidence that the six layers of cells in tht 
lateral geniculate body in man and higher primates are related to color 
vision. In a recent discussion. Holmes (1945) concludes that there is ar 
exact geometric or point-to-point projection of the retina on the corte? 
of the striate area, but that its functional organization is to some extent 
plastic and modifiable. For recent work on the physical chemistry of 
color vision see Sheppard (1945). 

The rods of the retina function in a dim light, the cones in a bright 
light and in color vision, the rods being mainly sensitive at lower wave 
lengths. 'Hence in passage from a dim to a bright light the sensitivity 
of the eye shifts towards the red. The fovea, a small central area of 
the retina, has only cones, while the macula lutea, around the fovea, 
contains yellow pigment. Vision in a bright light uses chiefly the 
macular cones, in a dim light the macular and paramacular rods, the 
sensitivity of the rods and cones being related to the photosensitive 
pigments, rhodopsin and iodopsin. The lens in man is yellow (Wald, 
1945), the cornea and ocular humors of the eye also absorbing some 
of the violet and ultra-violet rays. When the lens is removed for 
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cataract, the aphakic (lensless) eye gains enormously in sensitivity to 
the violet and ultra-violet. In 1938 it was discovered that aphakic 
persons see very well in the ultra-violet, seeing it as blue or violet. 
The pigmentation of the lens varies greatly in persons of the same 
age. 

Sedgwick in 1861 wrote a paper on ^‘sexual limitation in hereditary 
disease,” which recognized the essentials of what we now call sex-linked 
inheritance. He states that inability to distinguish colors is often associated 
with inability to distinguish sounds, and cites a family in which all the color- 
blind members were also stone deaf. 

Horner, a Swiss ophthalmologist, in 1876 determined the law of 
color-blind inheritance, which is sometimes known as Horner^ s Law, 
In two pedigrees he showed that Nasse's Law for hemophilia applied 
to color-blindness. There was great interest in the subject at that time, 
a railway disaster in Sweden in 1875 having been caused by the color- 
blindness of the locomotive driver. His pedigree of ‘T])altonism,'' with 



fifteen cases in eight generations, is shown in Fig. 33. The CentralbL f, 
prakL Augenhlk, for 1878 contains numerous papers on color-blindness 
in Germany, Norway and other countries. 

Pole (1893), in a memoir on color-blindness, summarized the literature up 
to that time. He shows that achromatic vision or total color-blindness was 
already recognized as a very rare condition, that red-green was found to be 
the usual forrn of color-blindness, being known as dichromatic vision^ but 
that aberrant forms of defective color vision were already known. The 
literature of the subject is separately treated (Pole, 1895) and in this con- 
nection is given an account of a family with many cases of Daltonism which 
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has not found its way into the modern literature. Unfortunately the num- 
bers of children are not given in all cases. The families were large (up to 
sixteen children) and twelve cases of color-blind men (with eleven normal 
brothers) are cited in four generations, the family (a very intelligent one) 
being traced through six generations. In every case the law of color-blind 
inheritance as now known was strictly followed. In fact the family recog- 
nized the law that sons of a color-blind man and their descendants are free, 
whereas the daughters though unaffected will transmit to some of their sons. 
The information was all collected from the family records by one member of 
the family in the fifth generation. Pole also cites a rare case of von Hippel, 
who described a young man whose left e ve was no rmal while his right showed 
dichromatic vision. 

An extensive pedigree of color-blindness, the particular type of which 
was not determined, was given by Bowditch (1922). It consists of three 
allied families with twenty cases (two of them female) in five genera- 
tions (Fig. 34). I. I had “defective eyesight” and was probably color 
blind. IV. 1 was a professor of physiology and an authority on the 
physiology of vision. In family two the two sisters II. 5, 6 were color 
blind, but the condition of their parents is unknown. The father must 
have been color blind and the mother a carrier. The two color-blind 
sons, III. 6, 8 married sisters of III. i. V. 12 married a son of IV. i in 
family one. The inheritance is strictly sex-linked recessive throughout. 
Nettleship (1906) described six cases of color-blind women. The pedi- 
grees of four showed that they had color-blind fathers and color-blind 
sons. 

The terms u.sed for the different forms of color-blindness can most 
conveniently be defined as follows: Deuteranopia is green blindness, 
Deuteranomaly is green weakness, Protanopia is red Ijlindness, Pro- 
tanomaly is red weakness. In addition there are genes for extreme 
deuteranomaly and extreme protanomaly. In red-green blindness or 
dichromatic vision a neutral band appears in the green or blue-green. 
On either side of this band the spectrum appears of one color, varying 
only in brightness. To the red-blind or protanopes the spectrum ap- 
pears shortened at the red end, which seems very dark or black. To 
the green-blind or deuteranope this end of the spectrum is about as 
bright as to the normal eye. Martin and Wright (1935) studied the 
quantitative aspects of color-blindness. They concluded that the dis- 
crimination of the deuteranope and the normal trichromat is approxi- 
mately the same in the blue-green. The discrimination of the protanope 
is not so good nor is his range of color so large as that of the deuter- 
anope. They found that the latter could distinguish only fifteen colors, 
protanopes twelve and normal persons forty- three. 

Vogt (1922) gives one of the first pedigrees in which the different 
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34 > Pedigree of sex-linked re- 
cessive color-blindness in three in- 
terrelated families. II. 3, 4 were 
twins, but one transmitted color- 
blindness and the other had three 
normal grandsons. V. 12 in family 
three married a son of IV. i in fam- 
ily one. See text. (After Bowditch) 
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forms of color-blindness are clearly recognized (Fig. 35). In this family, 
I. 5 and IV. 2 both had protanopia, III. 4 deuteranopia. From this it 
follows that protanopia is dominant to deuteranopia. In the Hu family 



Tig. 35- Pedigree of red-green color-blindness. (After Vogt) 

of Vogt and Klainguti (1922), again two families carrying dichromacy 
have intermarried (Fig. 36). I. 2 and I. 4 were evidently conductors 
and I. 3 must have been color blind although there is no record of his 
condition. II. 7 X II. 8 represents the cross XY X XX. Hence all the 
children will be color blind. In the third generation, the children 
marked with a ? were too young to be tested. In addition to the above 
marriage between two dichromatics, in five other families female 
dichromacy came from a carrier marrying a color-blind man, but it was 
not fully determined how protanopia and deuteranopia behave when 
crossed together. Just (1925) suggested that the four types of defective 
color vision were all alleles, with dominance relationships represented 
by Ai !> As A3 > A4. 

I iDX®2 30X®4 

II [ 2 IX 0 bxoii64x4 (i)XD i o 6 

1 I 2 3 I 4 5 6 7 I 8 9 I 10 11 12 13 14 I 15 16 17 18 I 19 

III cSWMi □ 4 a 4 cbo 646 6666 5a 

12345 678 9 10 111213 141516 17 18 19 20 21 

Fig. 36. Pedigree of color-blindness. (After Vogt and Klainguti) 

Normal color vision is sometimes spoken of as trichromacy, and before 
the types of color defect were classified particular cases were sometimes 
regarded as anomalous trichromacy. This applies to an ordinary pedi- 
gree of weak vision for green (deuteranomalia) published by Wblfflin 
(1923). The four brothers in generation II were very similar in degree 
of green weakness. In another pedigree (Fig. 37) the two brothers in 
generation II show deuteranomaly, while III. 3 is a deuteranope, i.e., 
the condition is stronger than that transmitted by his mother. This 
appears to be a mutation from deuteranomaly to deuteranopia. On the 
other hand. III. 8, who shows deuteranomaly, must hav6 inherited it 
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from her mother, whose father was a deuteranope. In this case the 
change in intensity has been in the opposite direction. Doderlein (1922) 
had a different case. The father showed weak green vision, the mother 
transmitted green blindness. They had one normal son, two green- 
blind sons, one normal daughter and one with weak green vision. This 
daughter would be heterozygous for both types of green-vision defect 
and since deuteranomaly is dominant to deuteranopia she would be 
expected to show weak green vision. 


I 

II 

III 

IV 


[>r0 

C^-i-Q SpO ^ 


6-jn ■ b 6 6 6 ^ d 6 


6 ^ 


I = Deuteranopia 
I = Deuteranomaly 


Fig. 37. Pedigree of color-blindness showing mutation from deuteranomaly 
to deuteranopia and vice versa. (After Wolfflin) 


Waaler (1927a) made important contributions to the genetic relation- 
ships of the four color-vision defects. He cites a case of marriage be- 
tween a man with protanomalia and a conductor (woman) for pro- 
tanopia. They had a daughter with protanomalia, showing that this 
condition is dominant to protanopia. Among fifty-nine color-blind 
brother groups, fifty-five had the same type of color deficiency. In each 
of these cases the mother transmitted to her sons one definite color 
defect. In two brother groups both deuteranopia and deuteranomaly 
were present. These mothers would both be carrying one X with the 
gene for deuteranopia, the other X containing the gene for deuteranom- 
aly. They were both color blind, showing deuteranomaly, which is 
dominant to deuteranopia. Two other groups of brothers contained a 
case of deuteranomaly and a protanope. The mothers in this case 
also would carry two affected X-chromosomes, but they were not 
color blind. From this it follows that while protanopia and protano- 
malia form one pair of alleles and deuteranopia and deuteranomalia 
another pair, these pairs are probably at different loci in the X-chromo- 
some. The relative frequency of the different types of color defect are 
given by Waaler. 

Julia Bell (1926) made an exhaustive collection of the material of 
color-blindness up to the date of her paper. 
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Waaler (1927b) tested the eyes of 18,121 school children in Oslo and 
studied the relatives of those who were color blind. Usually only one 
kind of color vision defect is found in a family, but all four types oc- 
curred in different families. When a homozygous woman occurred in a 
family she was phenotypically the same as the (hemizygous) men in her 
pedigree. It was found that normal is not fully dominant over deutera- 
nomaly and that protanomaly and deuteranomaly are probably not 
fully dominant over protanopia and deuteranopia respectively. Waaler 
concluded that women who are heterozygous for color vision, i.e., 
protanope-deuteranope, protanope-deuteranomalous, protanomalous- 
deuteranomalous, or protanomalous-deuteranope would be clinically 
normal. Franceschetti (1928) made use of Waaler’s^ results to draw 
conclusions regarding the dominance relations as follows: 

Normal > protanomaly > extreme protanomaly > protanopia. 
Normal > deuteranomaly > extreme deuteranomaly > deuteranopia. 

He applied Goldschmidt’s theory of multiple alleles with quantitative 
differences, but protanopia and protanomalia are apparently not alleles 
to deuteranopia and deuteranomalia, nor do they show transitions. 

Brunner (1930), in a very lucid paper, found among 150 mothers of 
color-blind sons 9 who were not normal in color sense. His results are 
in accord with Waaler’s hypothesis, but he points out that direct proof 



Fig. 38. Inheritance of protanopia and deuteran- 
omalia. (After Brunner) 

of its correctness would only be attained if union between a family with 
deuteranopia and one with protanopia produced a daughter with 
normal color vision. Other cases lead to the conclusion that extreme 
deuteranomaly and extreme protanomaly are determined by special 
genes. The members of the red-series and the green-series are regarded 
as quantitatively different, but intermediates between these inherited 
conditions do not occur. The two series (represented by protanopia and 
deuteranopia) are qualitatively different from each other. No mutation 
from normal to color blind was ever observed. Brunner’s large pedigree 
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contains many cases of two forms of color-blindness united in the same 
woman. In one family both protanopia and deuteranomalia were 
present (Fig. 38). The brothers, II. i, 2, were of these two types and 
their mother must have been heterozygous for both; the clinical con- 
dition of her eyes is unknown. Her sister transmitted protanopia to her 
son, whose wife: must have been heterozygous for deuteranomalia. 

Some of these relationships are visualized in Fig. 39, which indicates 
the positions of the genes in the X-chromosomes and their dominance 
relations. 

P = protanopia 

^ p ^ D = deuteranopia 

N > DA > EDA > D = Protanomalia 

N>PA>EPA>P DA = de-uteranomaha 

EPA = extreme protanomalia 
EDA = extreme deuteranomalia 

A woman was found by Brunner who was DA-PA. She had a DA and 
a PA son, and her sight was normal in accordance with Waaler’s 
hypothesis. Two women were DA-EDA. One of them was clinically 

DA in accord with the theory that the weaker 
departure from normal is dominant over the 
stronger. The other woman, however, was 
phenotypically EDA. Brunner explains this 
case as either a quantitative mutation from 
DA of the mother to EDA in the son, or as a 
variation in dominance. Another woman whose 
sons were EDA and D was clinically D. The 
dominance relations of the extreme forms to 
the other forms of color-blindness therefore 
remain more or less uncertain. 

Baetjer (1929) cites a case of a girl who was 
fully color blind, ^ as shown by tests with Ishi- 
hara. Stilling and Eldridge-Green color charts 
and the Holmgren Worsted test. She had a color-blind brother. 
Schmidt (1934) examined 35 women with color-blind sons. They were 
heterozygous for the following conditions; 5 were DA, 12 EDA, 5 D, 
I PA, 6 EPA, 6 P. None showed any departure from normal with the 
Ishihara color charts and the anomaloscope, but the conductors for 
DA more often showed uncertainty in reading the charts. The D- and 
P-groups of carriers however, showed a difference in their spectral 
curves of brightness. D-carriers were indistinguishable from normal 
(maximum at 590 /i/u), while in the P-group carriers the maximum was 

* Not totally color blind, which means absence of all color vision. 



Jp. Relative positions 
of genes for different forms 
of color-blindness. 
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at 570 jitju* Meyer (1932) finds that P and PA males are less sensitive to 
blue and yellow than D and normals. 

Brunner has a number of pedigrees showing the inheritance of par- 
ticular forms of color-blindness. In all the work only four cases were 
found of a DA daughter with a normal father. These are explained 
by the principle Pater semper incertus, but they might be cases of 
irregular dominance or mutation.^ On the assumption that the red 
series and the green series of alleles are at different loci of the X-chro- 
mosome, crossing-over between them might be expected to occur 
in the female, which might produce occasional sons with peculiar 
color vision, or with normal vision from a mother who was doubly 
heterozygous. 

From a study of published pedigrees. Little and Gibbons (1921) 
found a marked excess of color blind in sibships, the number being 106 
observed to 90 expected. In hemophilia they found an even greater 
excess, 551 : 457. They suggest that in these families a sex-linked lethal 
factor eliminates the normal males, leaving an excess of abnormals 
(see also Chap. XIV). 

Davenport (1930), in an extensive survey of sex-linked inheritance in 
man, made a useful summary of some of the earlier literature of color- 
blindness. Trendelenburg and Schmidt (1935) examined 129 cases of color- 
blindness: 26 per cent were protanopes, 13 per cent deuteranopes, 13.3 per 
cent protanomaly, 47.7 per cent deuteranomaly. From these and Waaler’s 
results it seems clear that deuteranomaly is the most frequent of the four 
conditions. A pair of identical twins were protanomalous and agreed as 
closely as the two eyes of an affected person. 

Blue-yellow color-blindness or tritanopia is an extremely rare condi- 
tion whose genetic relation to the other forms is at present unknown. 
There are few cases on record. Red and green can be distinguish^ V 
but in tests yellow and blue are matched with each other and with 
gray. The condition is sex-linked in inheritance, but its relation to 
the red-green series of alleles is unknown. Stilling (1878) described 
a case in which there was color-blindness not only for blue and yellow 
but also for violet and a large part of the green. A girl distinguished 
red from green but not blue from black, blue from gray or red from 
brown. Engelking (1926) described three cases (men) in a family in 
two generations, the condition being recessive sex-linked. 

Nelson (1938) has madle a critical analysis of the color vision of 
six deuteranomalous observers and one man with protanomalia, using 
the pure spectrum. The six did not agree among themselves, from 

^ Rath (1938) records an apparent mutation from normal to deuteranopia in a woman whc 
transmitted it but whose ancestors were not color blind. 
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which it is concluded that anomalous forms of trichromatism are 
intermediate between dichromatism and normal color vision. While 
this shows more variation than had previously been found, there is 
no reason to doubt that each type of color-vision defect is transmitted 
as a unit. Whether these smaller differences within the deuteranom- 
alous group are inherited remains to be seen. One showed nearly 
full tritanopia or yellow-blue defect, but slightly bluish and slightly 
yellowish red were also indistinguishable. Oloff (1935) described a 
case of anomalous blue trichromacy in a woman. 

We have already seen that in general one gene produces a color-blind 
condition in the male while two are necessary in the female, becaju^ 
the various forms of color-blindness are nscessive to normal. Occasion- 
ally, however, women who are heterozygous for a color-blind gene 
nevertheless exhibit the condition. The dominance of the normal 
gene is frequently not absolute. Siemens (1926) cites a case of a color- 
blind mother (deuteranomaly) who had a normal daughter and, a 
normal son. If she was homozygous for a color defect, all her sons 
would be color blind. Probably she was heterozygous, but color blind 
because of variable dominance. On the contrary, Wolfflin (1923) 
examined twelve carriers and found no kind of departure from normal. 
Wieland (1933), using very careful methods, found that some women 
heterozygous for all the various types of color vision defects showed 
a higher specific color threshold. In the deuteranope group about 
14 per cent showed a higher threshold for red and 6 to 28 per cent for 
green. Among protanope carriers there is a higher threshold for red 
in ca. 40 per cent and for green in ca. 12 per cent. This supports the 
predictions of Nettleship and of Fleischer that carriers would show 
aberrant color vision. Pickford (1944) finds evidence that women 
who are heterozygous have a measurable red-green weakness. ; 

Schinz (1941) suggests that the polyalleles for color defect are In a 
labile condition. He cites a pedigree of Brunner in which DA must 
have mutated to D. The mother transmitted DA to two sons and 
two daughters. The eldest son was D, so that a mutation from DA 
to D must have taken place. He points out that in two other Brunner 
pedigrees a mutation must have occurred, DA — >- EDA and P — PA 
or PA — >-P, which substantiates his view of the lability of these 
genes. The following mutations can occur: PA EPA P, 
DA = 5 =^ EDA D. But there are no mutations between the P and 
the D series. 

A remarkable case of female-sex-linked inheritance was described 
by Cunier (1839), in which color-blindness is inherited from mother 
to daughter only through five generations (Fig. 13, p. 28) in a Belgian 
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family. Schiotz (1920) thinks the case is uncertain as it was before 
the ophthalmoscope came into use, and other defects were also present. 
Several investigators (Levit and Serebrovsky, 1929; Haldane, 1932; 
Gowen, 1933) have pointed out that the condition would be explained 
if the two X-chromosomes of the females were united at one end, as 
is known to be the case in certain strains of Drosophila (L. V. Morgan, 
1922). Certain women would then be XXY, the attached X’s passing 
into the same gamete. The genes in the Y-chromosome might also 
have some effect on the individual. Such a woman might be expected 

^Y? X XY</ 

r— — ^ n 1 

XXY9 XYd' XXX (YY) 

Fig. 40. Results of a cross between a color-blind woman with attached 

X-chromosomes and a normal man. 

to produce the four types of offsprinfe.Jn Fig. 46, i.e., daughters like 
herself and normal sons together with XXX superfemales and YY 
supermales. The latter might perhaps be non-viable, from analogy 
with known conditions in animals, and the former might also possibly 
be non-viable. This is by no means certain, however, because an 
X added to the forty-eight chromosomes already present in man would 
cause far less disturbance than one added to the eight chromosomes 
that make up the genome of Drosophila. If, on the other hand, a 
color-blind man married a woman with attached X’s the children 
would be as indicated in Fig. 41. That is, all his sons and none of 
his daughters would be affected, but some of the latter might be trans- 
mitters. It is a not unreasonable assumption that XXY females exist. 

XXY X XY 


XXY$ XYcT XXX (YY) 

Mg. ^t. Results of a cross between a normal woman with attached 
X's^aiid a color-blind man. 

Their existence could be shown if other pedigrees similar to this of 
Cunier are found in the future. Haldane (1932) cites certain pedigrees 
of sex-linked ichthyosis, hemophilia, amaurosis and senile cataract 
which may be interpreted as cases of a family with joined X’s in the 
female, but there is great need of more evidence. By crossing-over 
between the attached X’s it would be possible to derive a homozygous 
color-blind female with attached X’s from an ordinary heterozygous 
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color-blind woman. Just (1934) claims that a color-blind woman who 
had a normal son must have been homozygous for color-blindness 
and had attached X's which both went into the polar body, leaving 
the egg cell with no X. The son, if he got an X from his father, would 
be XO and possibly sterile; he could have no.XY sons. If he got Y 
from his father he would be YO (possibly lethal), and his daughters 
would be XO. This woman’s father was color blind, but there is no 
evidence that her mother was a carrier. Unusual dominance of color- 
blindness in a heterozygous woman seems the more likely explanation. 
Kawakami cited a similar case. 

As regards the distribution of color-blindness in the population, 
Garboe (1929) examined the whole population (451) of a little island 
in Denmark. He found 14 protanopes and 6 deuteranopes, all males, 
in 352 tested, or 5.7 per cent. The people have led an isolated life 
for centuries and are highly intermarried, yet the percentage of color- 
blindness has not been raised. On the other hand, there are “nests” 
of color-blindness in certain parts of Norway. These may have resulted 
from repeated mutation. 

Many estimates of the frequency of color-blindness have been made, 
but they have generally been based on rather small numbers. In 
Europe and America they range from 1.2 to 8.2 per cent for males 
and o to I per cent for females. The Committee for Ophthalmological 
Research in England examined 14,846 persons and obtained a frequency 
of 4.16 per cent for males and 0.4 per cent for females. With the 
Ishihara color chart tests, however, this frequency is doubled. Thou- 
sands of recent tests for the navy (Vernon and Straker, 1943), using 
the Ishihara and Stilling charts, show in Great Britain a frequency 
of 7.5 per cent, including the color weak as well as the color blind. The 
frequency is 9.5 per cent in southwest England and only 5.4 per cent in 
northeast Scotland. They suggest that this may be associated with 
higher frequency of light hair and eyes in the north and east. Rivers 
(1901, 1905) found color-blindness, especially to blue, more frequent 
in the dark races. He attributed this to greater pigmentation of the 
macula lutea. Burt (1944) finds the correlation of color-blindness with 
dark hair to be 0.68 and with dark eyes 0.73. This could be due, not 
to genetic linkage but to a direct effect of pigmentation, or possibly 
to selective mating. Chebaxarov (1936) found in Russia the highest 
concentration of B blood group, the maximum frequency of prota- 
jnemialy and the most conspicuous Uralo-Laponoid physical type in 
the vicinity of the Volga and Kama among Chuvash, Cheremiss and 
partly among the Tartars of Kasan, but this is apparently not a case 
of genetic linkage. Schiotz (1922) found 10,07 per cent color-blind 
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males and 0.91 per cent color-blind females among 2005 c?' and 2200 9 
examined. Waaler (1927b) examined 9047 boys and 9072 girls in 
Norway, finding 8.01 per cent and 0.44 per cent color blind respec- 
tively. The latter figure does not differ statistically from the 0.64 per 
cent expected, which confirms that no selection is involved in connec- 
tion with color-blindness. 

Kilborn and Beh (1934) examined 2279 male Chinese students in 
Peiping and Chengtu and found 6.5 per cent color blind. They tested 
1132 girls in Peiping and found an incidence of 1.7 per cent color blindf 

Brunner (1930) found 8 per cent of men in Basel, Switzerland, color 
blind (5.75 per cent deuteranope, 2.2 per cent protanope). Waaler 
(1927) reckoned 14.72 per cent women carriers in the population, 
or one color-blind female to 34.23 carriers. Generally estimates have 
ranged from 4 to 8 per cent of affected men and about 0.4 per cent 
of women. Davenport (1930) has pointed out that large numbers 
have been examined only in the present generation, so there is no 
evidence as to whether the frequency of color-blindness is increasing. 
The percentages obtained naturally vary to some extent with the 
methods used. The Ishihara color charts are generally regarded as 
the most satisfactory. In a study of 3036 schoolboys in Basel, Switzer- 
land, Wieland (1933) found 296 (9.7 per cent) color blind. They were 
distributed as follows: 


Protanopes (P) 1.4%] 

Extreme Protanopes (EP) 0.2% [2.2% 

Protanomaly (PA) 0.6% j 

Deuteranopes (D) i-3%] 

Extreme Deuteranopes (ED) 0.5% \ 5.8% 

Deuteranomaly (DA) 4.0% J 


Tests of color-blindness in chimpanzees (Yerkes, 1943) indicate that 
they are relatively insensitive to the red-yellow end of the spectrum. 

Total Color-Blindness, Achromatopsia or Day-Blindness 

This is a much rarer condition, sometimes called monochromatic ^ 
but more truly achromatic vision. Persons who are totally color blind 
see form without color,, as in the twilight vision of normal persons.* 
Everything appears in nuances of gray, with weak sight, nystagmus, 
nyctalopia (night blindness) and photophobia (sensitiveness to strong 
light). The condition appears, however, to be more like dazzling than 
true photophobia. The spectrum is also shortened at the red end. 

^ In this extremely rare condition there is rod vision only (Pitt, 1944). A monochromat 
can match any color by any other color merely by the adjustment of their intensities. 
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The central vision is indistinct and there is frequently a scotoma (blind 
spot) in the middle of the field. There is blindness from sudden glare, 
as the mechanism for adapting the vision to light does not function. 
The condition of ‘Total color-blindness’’ is therefore a wholly different 
thing from the various forms of color-blindness. It may be regarded 
as a reversion to an early vertebrate condition such as that of the 
fishes, which arc believed not to perceive colors. The earliest supposed 
case was described by Huddart (1777) in a shoemaker. Two of his 
brothers were the same, while two other brothers, a sister and the 
parents all had normal vision.^ This and later evidence shows that 
the condition is recessive, but recent work indicates that the gene 
crosses over between homologous parts of the X- and Y-chromosomes 
(see Chap. IV). An affected brother who was examined with striped 
ribbon, called light green yellow, he called orange green, and a tinge 
of red he called “a sort of blue.” 

Julia Bell (1926) recorded 119 cases in the world literature and 
Clements (1930) estimates the frequency as about i in 300,000 persons. 

Peter (1926) made a study of total color-blindness in Switzerland. 
She found sixty families described in the literature since 1880. In 
fourteen of these blood-relationship of the ancestors was shown. One 
individual had one normal eye, the other affected. Vogt collected 
thirteen cases by following up the relatives of children with weak 
sight. Peter found eight families with sixteen cases and fifty normal 
siblings, which closely approaches the i : 3 ratio expected. Some of 
these pedigrees were extensive, being traced back through six or seven 
generations, all normal except the last generation. Aniridia is also pres- 
ent in one pedigree and partial color-blindness in another. Waarden- 
burg (1928) found 19 cases in the Netherlands literature (9cf 109), 
the sexes being equally affected. 

Beach (1928) described a family in which three sisters showed 
achromatopsia, eight sibs being normal as well as the parents. This 
is iri accord with a recessive inheritance, but the father had three 
brothers who were affected with pigmentary degeneration of the retina 
but had normal color perception. Two sisters of another family are 
mentioned who had the infirmity and called it day blindness. They 
were relieved by wearing very dark glasses. This condition is like 
one of permanent dark adaptation. Patients distinguish colors by 

® I formerly (Gates, 1929, p. 83) considered this a case of ordinary red-green color- 
blindness, but the account was somewhat uncertain and others have regarded it as achroma- 
topsia. However, Dalton (1794) tested this family with about twenty colored ribbons, 
through an intermediary, and found the surviving affected son to be “exactly conformable” 
with himself. In Dalton’s account there were six sons and one daughter, four of the sons 
affected. 
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their luminosity. In achromatopsia the greatest luminosity is in the 
green, while each of the types of color-blindness has its characteristic 
luminosity curve. For this reason, even total color-blindness is not 
certain to be detected by simple tests in color matching. Physicists 
call total color-blindness and normal dark vision rod vision^ depending 
on the rods in the retina. Larsen (1921) found from sections of the 
eyes of the totally color blind that the cones of the fovea were short 
and plump instead of long and slender, so they presumably do not 
function. It had previously been assumed that they were absent. 

, There may also be a cerebral defect. Pirenne (1944) finds that the 
rod-free area of the retina is best for color vision. 

In a physical study of color-vision defects, Pitt (1944) assumes three 
fundamental responses, B, G, R, which are stimulated in varying propor- 
tions by given stimuli. His results are in accord with the Young-Helmholtz 
theory of color vision. He believes that tritanopia is generally due to detach- 
ment of the retina, other cases being produced by jaundice, sclerosis of the 
lens or extremely dense macular pigmentatibn. Pickford (1945) cites a case 
of color-blindness in the left eye following an accident. He concludes that 
this negates all theories of color vision except that of Hering. 

Shindo (1932) collected 78 cases of achromatopsia recorded in Japan 
and 103 ih other countries, indicating that the condition may be much 
more frequent in Japanese. Sanders (1939) collected 18 families with 
23 cases throughout Holland by asking for information from ophthal- 

I 

II 


III 


IV 

V 

Fig. 42. Pedigree of total color-blindness. (After Maeda in Komai, 1934) 

mologists. Some of these had already been studied by Waardenburg 
(1928). A typical pedigree is that of Maeda (cited from Komai, 1934 ^)- 
As shown by Fig. 42, there are six cases in the fourth-fifth generation 
and the ancestors are much intermarried. Sanders gives three other 

® One of the twenty-one pedigrees in Komai may be dominant. 
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pedigrees, one of which goes back to common ancestors in the eighth 
generation. The sib frequency is found to be 22 per cent ± 5.86 for 
females and 24.3 per cent ± 7.05 for males, showing that the sexes 
are equally affected and a single recessive gene is involved. Geldard 
(1933) records the eleventh case in America. MacGillivray and 
MacLeod (1936) describe all the phenomena of total color-blindness 
in a boy of twelve. The parents were unrelated and it is very unlikely 
that there was any case in the family in the last three generations. 
It would be unsafe, however, to conclude that this is a mutation, as 
the condition has appeared after as many as eight generations of 
recessive inheritance in an inbred ancestry. The authors suggest that 
a defect of the visual centres of the braip may be involved. 


Color-Blindness and Race 

There are many records of the racial frequency of ordinary color- 
blindness, some of which may be referred to here as well as the view, 
partly based on philology, that the color sense of civilized man has 
become more intense within historical times. Table il gives the 
frequency of color-blindness in various races. 

TABLE 11 


FREQUENCY OF COLOR-BLINDNESS IN DIFFERENT RACES 



Number 

Frequency 

No. 9 9 % 

Author 

Europeans 

3734 

8.04% 



Clements 1930 

Indians in S. W. States 

624 

1.9 % 



Clements 1930 

American Negroes 

325 

3-7 % 



Clements 1930 

Full-blood Indians 

392 

2. % 



Clements 1930 

American Negroes 

1628 

3-75% 

651 

0 

Crooks 1934 

American Negroes 

20I9cf 

3-91% 

— 

— 

Crooks 1936 

American Negroes 



722 

0.14 

Crooks 1936 

American Negroes (Southern) 

538 cf' 

3-9 % 

496 

0.8 

Garth 1933 

American Negroes (Northern) 

254 o’ 

2.8 % 

165 

0 

Garth 1933 

Indians 

562 o’ 

2.5 % 

337 

0.0 

Garth 1933 

Navajo 

535 c? 

1. 1 % 

456 

0.7 

Garth 1933 

Whites 

7950' 

8.4 % 

232 

1-3 

Garth 1933 

Jews 

200 cT 

4-0 % 

175 

0 

Garth 1933 

Chinese students 

Iiiscf 

6.3 % 

— 

— 

Kilborn & Beh (1934) 

Chinese students 

11640^ 

6.9 % 

1132 

1.7 

Chang 1932 

Todas 

320 0? 

12.8 % 

183 

1. 1 

From Clements 1930 

Lapps 

158 cf 

6.3 % 

III 

0.9 

From Clements 1930 

Eskimo 

125 

0.8 % 

— 

— 

From Clements 1930 

Bechuana (S. Africa) 

4070^ 

3-4 % 

574 

0.35 

Squires 1942 

The Ishihara charts, consisting of a number 

in one 

color on a back- 


ground of another, color, were used in all the tests. 

From these and similar results it can be seen that whereas color- 
blindness runs about 8 per cent in white males and i per cent in white 
females, it is only about i to 2.5 per cent for male Indians, 4 per cent 
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for male Negroes and 6 to 7 per cent for male Chinese. The Todas, 
a pastoral people of South India, are extraordinarily high with nearly 
13 per cent, the Lapps appear intermediate (from the few tested), 
while color defect seems rare in the Eskimo. The racial significance 
of such results remains to be appraised. Squires (1942) found that 
in the Bechuanas 12 per cent of the men and 9 per cent of the women 
were unable to distinguish between gray and green ; 4 per cent of men 
and 5.4 per cent of women could not distinguish purple from violet. 
Their languages were also poor in color terms, which are evidently 
only developed in any language as they are needed for particular 
purposes. Among 981 Bechuanas 3.4 per cent of the males and 0.35 per 
cent of the females were color blind. Fry (1935) found no color-blind 
Australian aborigines. In one test, fifty traced Stilling’s color plates 
correctly. 

Obermaier (1924) states that red and yellow ochre have been found 
in the most ancient Mousterian (Paleolithic) deposits. The cave art 
of Late Paleolithic times included representations in colors, which 
included black (carbon or manganese ore), light and deep yellow, 
orange, red, reddish gray, violet and terracotta all made from ochre. 
White occurs rarely but blue and green are altogether unknown. 
This with other evidence of primitive and ancient man makes it seem 
likely that Paleolithic man was unable to discern green and blue, and 
possibly the whole short-wave end of the spectrum, although violet 
was among the pigment colors he used. 

The unsatisfactory character of the color terms in the classical languages 
for scientific purposes is well known. Gladstone showed the vagueness of 
Homer’s color terminology and concluded that the people of that age could 
do little more than distinguish differences in brightness, yet the prehistoric 
Egyptians had blue and green beads before the time of Homer. Some of the 
following facts have been taken from the discussion by Clements (1930) of 
the color sense in primitive man. From a study of ancient Greek literature, 
the Indian Vedic hymns, the Zendavesta, Norse Eddas and ancient Chinese 
and Semitic writings, Geiger concluded that red vision evolved first, then 
yellow and green, finally blue. Magnus collected evidence from various 
primitive peoples whose language showed the same color poverty as the 
ancient literatures. Rivers (1901) showed that the Australian aborigines 
lumped the colors together. Red, purple and orange they called oti; white, 
yellow and gre^ri, yopa; black, blue, indigo and violet, manara. Some tribes 
applied names to green and yellow. Among the Kiwai Papuans, few had a 
special name for green. Blue, black and violet were considered the same. 
On Murray Island in Torres Straits there was no worchfor blue as distinct 
from black, while on another island the terms for blue and green were some- 
times interchanged. Tests with the Lovibond tintometer showed a degree 
of insensitiveness to blue color, which was associated with the vague nomen- 
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clature, but e^ttreme sensitivity to the red. Bartlett (1929) similarly finds 
no native Malay word for blue. Red, yellow and green have specific terms; 
but the words for orange and violet are indefinite and not widely u.sed, while 
Batak lacks words for these colors. The same word does for light blue and 
green, and for dark blue and black. Thus the philological method leads to 
consistent results, the evolutionary sequence being red — yellow and 
green — ^ blue. 

Racial differences in color perception may depend partly on pig- 
mentation. The macula lutea of the retina, which is the region of 
most distinct vision, is pigmented with reddish-yellow. Hence the 
blue and green rays are more strongly absorbed there. There is reason 
to think that the macula of the dark races is more strongly pigmented. 
If so, the blue and green would be more strongly absorbed, resulting 
in less sensitiveness than to the red and yellow. 

Rivers recognized four stages in the evolution of color language: 
(i) Only red was recognized apart from white and black. (2) There 
were terms for red and yellow, but green was indefinite. (3) Terms 
existed for red, yellow and green, but blue was borrowed from English. 
(4) There were terms for both green and blue but they tended to be 
confused. According to Rivers, there is no word for blue in Welsh, 
Chinese or Hebrew. It is lumped either with black or with green. 
The Eskimos, on the other hand, have a highly developed color sense. 
They call purple bluish-red and violet reddish-blue. Homer’s color 
vocabulary was in the same early stage of development as that of 
primitive modern languages.^ 

Rivers tested 150 natives of Murray Island and found no case of 
color-blindness or confusion of red and green there or in Australia, 
but he found 3 cases of red-green color-blindness among 8 natives 
tested in the Loyalty Group. 

Eldridge-Green (1911) concluded that perception of the spectrum 
began with only brightness discrimination, then red was distinguished 
from violet, then green was recognized, then orange-yellow and finally 
blue, followed by the separation of orange from yellow and lastly 
indigo. According to Mrs. Ladd-Franklin’s theory of color vision, 
the evolution of the color sense took place in three stages: (i) White, 
black and gray were discriminated, (2) yellow and blue, (3) red and 
green. These correspond to color zones of the normal retina, the outer 
zone seeing only colorless tones, the middle zone seeing blue and yellow, 
the central area red and green. According to this theory, a mixture 
of red and green gives yellow because the eye reverts to the old response 

^ It should be pointed out that some writers claim that a deficient color vocabulary in 
any race is no indication that it is lacking in color sensitivity. 
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before red and green were differentiated. If this theory is true, blue- 
yellow color-blindness should not occur in the absence of red-green 
color-blindness, but it does so although the condition is extremely 
rare. On this theory also red-green color-blindness should be very 
common in such native peoples as the Australians, yet it apparently 
does not occur. Nevertheless, a very large number of human abnor- 
malities can be most reasonably interpreted as reversions or a failure 
to complete development, and probably this is in some sense true of 
the genes for color-blindness. Since there are six genes, however, at 
two loci of the X-chromosome, not counting the genes for blue-yellow 
defect and for total color-blindness, it seems clear that they will not 
fit into any phylogenetic series. Among animals it appears that cats 
and dogs are totally color blind, pigeons see the red end of the spectrum 
best, fowls see blue but not violet, while bees see blue but not red 
although they also see the ultraviolet. 

Dunlop and Loken (1942) claim that red color-blindness is not a 
simple sex-linked Mendelian character but that it can be ^^cured^’ by 
administration of large doses of vitamin A (25,000-50,000 units per 
day). While it may Well be true that color-blindness can be temporarily 
overcome by administration of very large doses of vitamin A, this 
in no way alters the fact or the method of inheritance and such claims 
are made^only by those who lack an understanding of the mechanisms 
of heredity. Since this was written, Elder (1943) has shown that these 
claims are unfounded. 
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Chapter VII 


HEREDITARY VARIATIONS AND ABNORMALITIES OF 

THE EYE 


P REVIOUS chapters have considered eye color and color-blindness 
from the genetical and anthropological points of view. This 
chapter will deal with some racial differences and with abnormalities 
of the eye. Duke-Elder (1940), in his textbook of ophthalmology, 
gives a number of pedigrees of abnormalities. 

The racial differences, apart from eye color, are concerned mainly 
with the eyelids and especially with what is commonly called the 
Mongolian fold and the epicanthus. The upper eyelid develops in 
two parts, an inner and an outer. Occasionally a notch (coloboma) 
remains at the point of union. Aichel (1932) has made a classification 
of the various types of eyefold found in different races, which have 
not previously been clearly distinguished. Only the main differences 
need be entered into here. 0"he folds are classified as orbital, palpebral, 
tarsal and marginal. It Is claimed that the epicanthus or plica orbitalls 
may be inner (by the nose), median or (rarely) outer (epicanthus 
lateralis. Fig. 43). Figure 44 represents the epicanthus medialls of 
a German woman, extending from the nasal fold into the upper eyelid. 
The epicanthus nasalls is not uncommon as a temporary structure 
in children of all human races. Barbosa Sueiro (1931) described a 
family in Lisbon with epicanthus lateralis present in four generations, 
predominantly in the females. 

Plicae palpebralis are folds of the eyelid, which may take several 
different forms. Figure 45 shows the Mongolian fold in a girl of eleven 
of German-Polish descent. This type of fold is not very uncommon 
in European children, but generally disappears later. In closed eyes 
the epicanthus is visible (Fig. 44), while the Mongolian fold is not. 
Figure 46 shows the Hottentot fold In the median and lateral part 
of the upper lid. Figure 47 shows the Indian fold (plica naso-mar- 
ginalis) in an Indian girl of Bolivia. Figure 48 is a Hottentot woman 
with a combination of the Mongolian fold and the Indian fold. The 
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Fig. 44. Epicanthus medialis of a German v/oman 
and closed. (After Aichel) 


Fig. 4j. Epicanthus lat- 
eralis in right eye. (From 
Aichel after Lohlein) 


45 • M on gol ian 
fold in a girl of 1 1 of 
(lerman-Polish de- 
scent. (After Aichel) 




Fig. 46. Rehoboth hybrid with Hot- 
tentot fold — median and lateral 
overhang of upper lid. (After Fischer) 


Fig. 47. Plica naso-marginalis in 
old Indian girl of Bolivia — Ii 
(After Aichel) 


Fig. 48. Hottentot woman with a combina- 
tion of the Mongolian and the Indian eyefold, 
(After Aichel) 
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Negro eyefold (Fig. 49) or plica malo-marginalis, is one in which the 
upper lid at the outer angle of the eye crosses over the lower lid. 




Fig. 4Q. Negro eyefold or plica malo-niarginalis. 

(After Aichel) 

The same condition is shown in a German woman in Fig. 50. It fre- 
quently occurs in Europeans past middle age. From twin studies, 
Biihler (1940) claims to find four forms of plica orbito-palpebralis, 
which he concludes are inherited, but they cannot be distinguished 

^ in his photographs. 

I It will be appreciated that the 
I: muscles involved differ in these va- 
I rious conditions, which are there- 
I fore distinct. Each may be inherited 
I as a unit as appears to be true of 
I certain body muscles, but there is 
I very little evidence on this point. 
Several of them have been confused 

Fig. 50. Plica malo-marginalis in a together under the general name 
German woman. (After Aichel) of Mongolian fold. According to 

Aichel, the epicanthus is generally 
found in African children while in Europe the children more frequently 
have the Mongolian fold. The original form of the Chinese symbol 
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for the eye shows that the epicanthus and Mongolian fold were both 
present in the Chinese at least as early as 1500 b c. 

Wen (1934) rriade a study of the development of the Mongolian 
fold in Chinese and white foetuses. He found a fold highly placed 
on the external surface of the upper eyelid in all whites from the 
twenty-fifth week and in one Chinese. A much lower fold was present 
in all Chinese from the twenty-second week. The Chinese fold is 
thicker, due to (a) the lower marginal fibres of the orbicularis oculi 
muscle being disposed backward in a curve, (b) an extension of the 
tendon fibres of the levator palpebrae superioris muscle ending in the 
marginal lid fold, (c) deposition of fat in the central subcutaneous 
connective tissue. Fortuyn (1932) says that the epicanthic fold is a 
single recessive genic difference and gives further details of the anatomy. 
Hilden (1938) showed that the Mongolian fold varies with age. After 
twenty years it gradually disappears and is rare in mongoloids over 
40 years of age. Among Kalmucks and Torguts under 25 years of 
age, 95 per cent had the eyefold, between 25 and 29 years the figure 
was 42 per cent, and over 30 years 37 per cent. 



Fig. 51. Epicanthus and Mongolian fold in a Korean. 
(After Chouke) 


Chouke (1929) has shown that the incidence of the epicanthus 
decreases among Caucasian children as age increases. He mistakenly 
suggests that the terms epicanthus and Mongolian fold should be used 
interchangeably, but the former extends in the main vertically and 
is associated with a flattened root of the nose and a very small super- 
ciliary arch while the latter extends laterally and is a fold more or 
less completely enclosing the eyelashes, only the tips of which project. 
Metschnikoff regarded the condition as an arrested development. 
Figure 51 shows the presence of both in a Korean man. The Mongolian 
eye differs also in being almond-shaped rather than oval, i.e., having 
a narrower palpebral fissure than a European. In various races the 
angle at which the orbit is set in the head also differs markedly. A 
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superabundance of skin around the root of the nose may be a factor 
in the epicanthus in Caucasian children. It appears that when the 
Mongolian fold and the epicanthus are both present in a Caucasian 
infant the fold generally disappears first while the epicanthus may 
persist into childhood. Keith (1923) states that the epicanthic fold 
(which appears to include both the epicanthus and the Mongolian 
fold) is represented in the foetal stage of all races. Waardenburg 
(193U) found it present from the beginning of the third to the beginning 
of the sixth month, but not covering the can thus. Bolk (1929), with- 
out distinguishing the various types, finds that an epicanthic fold 
persists in Mongols, Negroes, Malayans — and even in whites through 
pathological retardation in the so-called Mongolian idiot. Among 
newborn in southern Germany a more or less developed epicanthus 
is not at all rare, and the same appears to be true of other Caucasians. 

Lange (1936) regards deep-set or prominent eyes as racial characters, the 
former found in the Nordic and the latter in the East Baltic race. Apart 
from abnormally prominent eyes, as in Basedow’s disease, he shows that 
eyes may change in the individual from deep-set in youth to prominent in 
middle life, or vice versa. The inheritance element behind these differences 
is unknown. 

Routil (1933) studied the oblique eye and recognizes three genetic 
factors related to this condition. Mongolians mostly have the factor 
a, producing a strongly oblique eye with the outer end above and the 
inner end below the horizontal ; h produces the horizontal eye generally 
found in Caucasians. Negroes frequently show i as well as a and h. 
In i the inner end of the eye is above and the outer end below the hori- 
zontal. Routil finds a more frequent in women, i in men, a being more 
infantile. From many pedigrees it is seen that h X h gives only h 
and a X a only a, whereas h X a may give h or (a),^ i X h gives (a) 
or h (sometimes one eye of each type), and (i) X (a) gives (a) or h. 
The matter requires further analysis. In examining 3000 W. African 
negroes (children and soldiers), Scott (1945) found that 90 per cent 
had pigment spots in the conjunctiva and all had a ring of pigment 
at tile corneo-scleral junction. There were five cases of flocculi iridis 
and congenital lens changes were rare. The fundus was red, not 
chocolate or slate-gray in color. 

Trichomegaly or long eyelashes (22 mm.) are recorded by Gray 
(1944) a family character. 

An exhaustive monograph on hereditary abnormalities of the eye 
has been published by Waardenburg (1932). References not given 
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here may be found there, but important papers subsequent to 1932 
are cited here.^ 

Ptosis (drooping of the eyelid owing to paralysis of its muscles) is 
a condition of which there are many pedigrees, and it is often associated 
with Epicanthus. It occurs in all grades, sometimes only producing 
a sleepy appearance, but in others the head has to be thrown back 
to see. It is not always inherited, but may be caused by an injury 
or by paralysis of the third nerve. It is due to absence or impairment 
of the levator palpebrae superioris muscle which raises the eyelid. 
Usually at least, it is dominant in inheritance. One case is cited by 
Macklin (1927a) of a man with normal parents who had four children 
showing ptosis. This might be explained as a mutation, or more prob- 
ably as indicating that the defect was a conditioned dominant in 
this pedigree. Briggs (1918, 1919) described a pedigree of six genera- 
tions from a woman having this defect. The lineage belongs to a 
family in the mountains of the southern states, and includes 128 indi- 
viduals, half of whom have the defect. Photographs are given, and 
a chart indicating that the character is dominant. Flieringa (1924) 
describes a family in which the mother was unable to lift the eyelids 
very far. Her ancestors were quite free from the condition so far 
as could be traced, as was also the father and his ancestors. Yet all 
the children of both sexes exhibited the defect. This would appear to 
be a de novo origin of ptosis and its inheritance as a dominant in the 
children. Weissenberg (1927) gives a pedigree showing ptosis on the 
left side only, inherited as a dominant (eight cases) in three generations 
of a Russian family in Baku. In a later paper (1928) he describes a 
Jewish family in the Ukraine in which it is an irregular dominant 
varying (4 cases o’) from weak expression in the left eye to strong 
expression in both eyes. 

A pedigree combining epicanthus with ptosis was described by 
Usher (1925). Following von Ammon (1831) he distinguishes (i) epi- 
canthus supraciliaris bilateralis, in which the skin fold originates in 
the eyebrows and extends down toward the tear sac or the nostrils, 

2 It is not without interest that even Galen (a.d. 130-201) had some idea of inheritance 
in connection with conditions of the eye. His work on the eye, De Usu Partium, Book X, was 
preserved by being translated from Greek into Arabic by the great Arabic physician, Hunain, 
in Baghdad. An English translation from the Arabic is published by Meyerhof (1928). 
This work contains several diagrams, but Galen's mistakes, such as placing the lens in the 
centre of the eye, were all repeated. The function of the retina was unknown, but it is stated 
that both dilation and dislocation of the pupil may be either “natural” or accidental in 
origin. Lagophthalmos can be congenital or result from unskilful sewing up of the lids. 
Myopia, hyperopia and nyctalopia were recognized and the treatment for night-blindness 
included anointing the eye with the juice from roasted goat’s liver and eating the liver. 
Much space is devoted to operations for cataract, but there is no indication that its inherit- 
ance was recognized, although various forms were described. 
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(2) E. palpebralis, from high in the upper lid to the lower margin of 
the orbit, and (3) E. tarsalis, which originates in the tarsal fold of 
the upper lid and loses itself in the skin close to the inner canthus. 
Such a fold, uniting the upper and lower lids at the inner angle of the 
eye, is normal in the Mongolian race and occurs with varying frequency 
in related races. Epicanthus is stated to occur in about half the cases 
of Mongolian idiocy. It is similar to the plica marginalis of mongo- 
loids. Evidently in adults it represents a failure to complete develop- 
ment. In only one pedigree does epicanthus apparently occur without 
ptosis. In Usher's pedigree a man with both had seventeen similar 
cases in his descendants in three generations. The inheritance is that 
of a strict dominant, except in one case where it skipped a generation 
and another in which two generations were skipped ; but the individual 
in the former case had ptosis on one side only, and in the latter case 
(IV. 4) epicanthus without ptosis. 

Manson (1928) cites a family in which the father, two daughters 
and a son have epicanthus with ptosis, one girl being normal. They 
have to throw back their heads or raise their brows to see. A similar 
family, known as the slit-eyed people, and probably with a combination 
of epicanthus and ptosis, is described from the mountains of Georgia 
(Stuckey, 1916). Its members had constricted eyelids, dominant in 
four generations. The badly constructed pedigree of Ross (1932) 
contained 7 cases (3 cf 4 9 ) In four generations. He states that 
incomplete development of the nasal bones is the main factor in 
its production. 

In a later paper, Usher (1935a) points out that persons with epicanthus 
alone are usually unaware of any anomaly. In the population of Munich, 
Martin found it in 33 per cent of infants of one to six months, in 25.5 per 
cent of infants seven to eleven months; at three to six years it was present 
in 14 per cent of boys and 5 per cent of girls, at twelve to twenty-five years 
in 3.3 per cent of males and 2.6 per cent of females. In a large published 
pedigree of ^epicanthus (Meirowsky, 1926) it is dominant, 32 cases (200? 
12 9 ) in five generations. Usher finds in all pedigrees, of which he con- 
tributes twenty-two, 180 cases (890^ 81 9 ). This tendency in Caucasians 
toward the persistence of a condition which is a racial character in Mon- 
golians, is evidently inherited in different degrees and in some families is 
a somewhat irregular dominant. One pedigree appears recessive. 

Ptosis with epicanthus is the usual condition and was found by 
Usher in 26 pedigrees with 175 affected members (105 c?' 62 9). The 
inheritance is dominant with an occasional skip. As shown in Fig. 52, 
the palpebral fissure is not only narrowed to 2 mm. from 10-15 mm., 
but also shortened from ca. 30 mm. to 20-22 mm. In Japanese the 
normal width is 8.8 mm. Vignes (1889) published an early pedigree 
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with 12 cases (9c? 3 9) in four generations. The second generation 
of this family had been observed by Sichel in 1845. Biro (1934) de- 
scribes a family in which the grandmother, two sons and one daughter 
and eleven grandchildren (male) were all affected, but females of 



Fig. 52. Ptosis and epicanthus in father and two of four chil- 
dren. (After Usher) 

the third generation were unaffected. One grandson had also paralysis 
of the upper and lower rectus muscle together with strabismus (squint) 
and nystagmus. 

Ptosis without epicanthus generally shows loss of movements of 
the eyeball. The upper eyelid is raised by the levator palpebrae 
superioris and Muller's palpebral muscle. The former is innervated 
by the oculomotor (3rd cranial) nerve, the latter by fibres from the 
cervical portion of the sympathetic trunk. Paralysis of either nerve 
causes ptosis, but there is only a slight droop (Horner's syndrome) 
when the sympathetic fibres are cut, as shown by experiments on 
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monkeys. The Mcllroy (1929) pedigree contains 12 cases (7cf 5 9 ) 
in four generations. The pedigree is very incomplete, as there is no 
account of the children of affected females. Ptosis and epicanthus 
must be very closely linked, or possibly the result of a single gene. 
This paper and that of Usher give some evidence of possible linkage 
with brown eyes and hair. The usual presence of strabismus and 
nystagmus in these pedigrees raises the question of their genetic basis 
in such families. Are they also linked genes or are they secondary 



Ph' 53- Short palpebral fissure and bican thus. 
(After Cockayne) 


phenomena? Rodin (1936) described a family with dominant heredi- 
tary ptosis in one eye only. Either eye may be affected. In a second 
family three children out of six were bilaterally affected, but there 
were no others in the family with any ocular defect. Cockayne's 
(1931) pedigree is not true ptosis from drooping of the upper eyelid, 
but is due to a short palpebral fissure which prevents wide opening 
of the eyes (Fig. 53). There is not true epicanthus, but a fold from 
the under lid overlaps the upper. This family condition has been 
inherited for many generations. The last five generations show 15 
known cases (i2d^ 3 9), the sibships numbering 13 affected: 14 nor- 
mal. 
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Forty-four pedigrees of ptosis are known, with a total of 211 cases (93d’ 
1069). The excess of females is the reverse of the condition in ptosis 
with epicanthus. The transmission was thirty-six times through the fe- 
male and thirty-one times through the male, whereas in ptosis with epi- 
canthus it is only seven times through the female and thirty-nine times 
through the male. The genetic relation between these two conditions re- 
mains obscure. It is perhaps one of close linkage, since it would be unusual 
for a single gene in one pedigree to produce the same conditions as two dif- 
ferent genes in others. But compare syndromes (Chap. XVIII). The 
apparently greater frequency of ptosis can be accounted for by its easier 
recognition. In Dollar’s (1938) family the ptosis is not congenital but makes 
its onset in each case at about fifty years of age. Grandmother, mother, two 
sons and a daughter were affected. She cites an earlier pedigree in which 
the onset was always at fifty. Meumann (1928) also described a dominant 
pedigree of non-congenital ptosis. 

Giri (1944) cites a family in which the mother had bilateral ptosis, 
the father, oblique eyes. One of three sons had both conditions together 
with a left hand having digits I and II fused. Ill and IV absent, 
V (and probably II) having only two phalanges. 

Horner's syndrome, discovered in 1869, is a mild form of ptosis. 
It occurs when some portion of the cervical part of the sympathetic 
nervous system is subjected to disease or trauma, accidental or surgical, 
and is sometimes associated with heterochromia iridis and the Argyll- 
Robertson sign. 

Under the name ptosis Dimitry (1921) describes a condition in a 
Sicilian family which he says is really blepharophimosis (narrowing of 
the slit between the eyelids). There were 21 cases (7 cT 1 1 9 3 unknown) 
in five generations, the inheritance strictly dominant, but the sibships 
numbered 20 affected : 7 normal. Probably some normals were lost 
sight of. Another family with dominant congenital blepharophimosis 
in Vienna (John, 1934) numbered 10 cases (i cf 9 9 ) in three genera- 
tions. The sibships show 9 affected : 3 normal, but the pedigree may 
be incomplete. Waardenburg (1932) studied a family with eight cases 
in three generations which extended back through four more genera- 
tions, the family having a total of 21 cases (ii o' 10 9 ) with one skip 
of a generation. Piennett (1936) describes a condition which is prob- 
ably a form of ptosis. The palpebral fissure is small, very little of the 
white sclerotic coat is visible and the eyelids are wrinkled immediately 
around the iris. This dominant pedigree shows 7 cases (6 cT 19 ) 
in three generations. 

Another dominant condition is deep brown pigmentation of the eye- 
lids, several shades darker than the face. This color continues out 
over the entire area of the orbicularis oculi muscle, shading gradually 
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into the surrounding parts and giving a striking appearance. I have 
seen this condition in a young woman with blue eyes, fair hair and 
fair skin color. O’Connor’s (1936) family contains 9 cases (5 o’ 4?) 
in three generations. Peters (1918) recorded a different condition In 
which the lower lids only are dark owing to dilated venules and yellow- 
ish pigment beneath the skin. The condition was dominant, with 
20 cases (60’ 149) in five generations of a family. Bingel (1937) 
states that persons with fair skin and blue eyes always have light eye- 
lids. In others they may be brown or yellow-brown to dark brown 
or black-brown, the color strongest in those with dark hair, eyes and 
skin. But dark lids can be combined with light hair and skin and 
nearly blue eyes. Brown lids are not seen in infants, but appear In 
school children. When one parent has dark and the other light lids, 
some children may be of each type, the brown lids being dominant. 
Bingel suggests that dark lids are a feature of the Baltic, Dinaric and 
Mediterranean races. 

Treacher Collins (1900) described a classical case of congenital notch 
in the lower eyelids with a developmental defect of the malar bones. 
Berry (1888) recorded mother and daughter with a congenital notch in 
the lower lids and a receding chin. The mother’s brother had a notch 
in the lid, the mother and a son having harelip. Mann and Kilner 
(1943) record a boy of eleven years exactly like Treacher Collins’ case 
and a boy of fourteen months having a notch in the lower lids, both 
ears crumpled, no external auditory meatus and a cleft soft palate. 
How this sporadic abnormality is inherited is apparently unknown. 

Blepharochalasis (baggy eyelids), dermatolysis palpebrarum or relaxa- 
tion of the skin of the eyelids due to atrophy of the underlying connec- 
tive tissue is cited by Macklin (1927a) as dominant in a French family 
in four generations. Panneton (1936) describes a French-Canadian 
girl twenty-one years old who seemed to have double congenital ptosis. 
Her eyes were veiled by the upper lid, giving her a sleepy appearance, 
but the palpebral movements were normal. The skin around her eyes 
had a scrotal appearance, being covered with innumerable little folds 
and more reddish than the rest, this modified skin extending to the 
eyebrows. The condition was scarcely evident as a young child, but 
developed during growth and puberty. Her nine brothers and their 
mother had the same defect. The mother had three sisters and seven 
brothers, eight of them affected. Of ninety-three affected persons in 
the family, in four generations, details are given of forty-seven. The 
sex-ratio of the affected was 43 per cent c? : 57 per cent 9 . The 
condition shows progressive expansion in the individual and a lesser 
degree of it is known as paupilre en blouse. It appears to be not simply 
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dominant but present in variable degree. A number of isolated cases 
have been recorded, born of normal parents. In another family it 
was recorded in mother and daughter, a third family having five 
cases in four generations. Carlisle in 1814 cites the case of a man with 
a small pendulous fold attached to the skin of his upper eyelid. His 
four children had the same peculiarity. 

Distichiasis, a double row of eyelashes on each lid, is extremely 
rare. The extra row of cilia replaces the Meibomian glands. They 
are very fine and lanugo-like and may cause irritation to the eye, 
necessitating their removal. According to Waardenburg (1932), Wood 
in 1898 first found the condition hereditary, in mother and daughter. 
Erdmann (1904) oKserved it in grandmother, mother and child, and 
Blatt (1924) observed twenty-eight cases in four generations of one 
family. His eight families have a total of 114 cases (536^ 61 9), the 
inheritance dominant in all, with an occasional skip. Brailey (1906) 
refers to four earlier cases in the literature and to four cases in the 
Vienna clinic of Fuchs. In one case a boy of twelve, his maternal 
grandfather and his mother’s sister had the same malformation. This 
was probably an irregular dominant. The other three were single 
cases and may have been recessive or mutations. Fuchs observed only 
these four cases in twenty years with 20,000 patients annually, which 
would give a frequency of i in 100,000. Cockayne (1933) found ten 
families described, with twelve affected : thirteen normal in sibships, 
the cases being ii cf* n 9 . Thus the condition is a simple dominant. 
It is said to be more frequent in Russia than elsewhere, and some of 
the single cases appear to be mutations. 

Da Pozzo (1938) finds another case, in mother and child, and Halbertsma 
(1935) a single case. A French family is recorded (le Double and Houssay) 
in which all the females and none of the males for four generations had dis- 
tichiasis. This would be hologynic inheritance, with the two X-chromosomes 
of the females linked. The same authors record tristichiasis in a father and 
three children. Macklin (1927a) cited lack of eyelashes in father and son; 
also fat hernia of the lids in a mother and daughter in Germany. 

Schnyder (1920) cited two families with stenosis of the lacrymal ducts 
{dacryocystitis). One family had six cases in three generations — an 
irregular dominant with one skip. Leboucq (1921) reported a sibship 
of six children, all affected, with normal parents. Other inherited 
abnormalities of the tear apparatus also occur. 

Suk and Rozprym (1931) and Rozprym and Suk (1934) made a 
useful study of eyebrows and eyelashes. They described 13 forms of 
eyebrows and 6 of lashes in 470 Czechs. The form and color of eye- 
brows are independently inherited. They may be even, double, peaked. 
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shedding, arched, etc. They may grow together or be far apart. Con- 
current eyebrows are frequent in the Greeks, Cypriotes and certain 
other peoples. The eyelashes may be long and curved, long and 
straight, short and curved, short and straight, bent inward or long 
and hooked. A line joining the corners of the eyelid is generally hori- 
zontal in Europeans while the outer corner is generally upward in 
Mongolians (oblique). Routil (1933) finds the latter condition domi- 
nant over both other forms, including the occasional case of the outer 
angle being downward. He finds 42.2 per cent horizontal in the 
Ukraine and 17.2 per cent in Kizar hybrids (East Indies). 

Congenital pterygium or epitarsus is an abnormality of the eye in 
which there is a fold in the conjunctiva or membrane lining the eyelid 
and covering the front of the eyeball. It is described as due to growth 
of the sclera over the cornea, which may continue until the pupil is 
covered, causing blindness. If removed by operation, the growth will 
recur. In Newman^s (1913) pedigree of night-blindness it is regarded 
as a dominant with 9 cases (7 c?* 2 9 ) in two generations. Armaignac 
(1914) described a family with 8 persons out of 22 bilaterally afflicted, 
not due to irritation. 

For hereditary abnormalities of the extra-ocular muscles see White 

(1945)- 

Ophthalmoplegia, or paralysis of certain muscles moving the eye- 
ball, has been traced as a congenital condition in several pedigrees 
in association with ptosis, each family showing a definite inherited 
type. The two forms, externa and interna, depend on which muscles 
are paralyzed. Bradburne (1912) showed dominant ophthalmoplegia 
externa with 16 cases (40' 12 9 ) in five generations (Fig. 54), beginning 
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54 - Pedigree of dominant ophthalmoplegia. (After Bradburne) 

In 1710. There were no other abnormalities, but there was more or 
less ptosis of one or both lids accompanied by almost complete loss 
of movement in one or both eyes. The levator palpebrae superioris 
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muscle is said to arise as part of the rectus superior, which accounts 
for the association of ptosis with ophthalmoplegia. When, as here, 
the condition is congenital, it is one of arrested development, but 
many cases of ophthalmoplegia only appear in middle life. Giri (1936) 
describes a similar case with full references. ^/Recessive congenital 
ophthalmoplegia (Waardenburg, 1924a) appeared in five individuals 
(Fig. 55) of the fifth generation of a family descended by intermarriage 
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55 • Pedigree of recessive ophthalmoplegia. (After Waardenburg) 


from a common pair of ancestors. It was combined with ptosis and 
miosis (see below). Faulkner (1939) describes a family with ptosis and 
ophthalmoplegia beginning in adult life. The father and four of ten 
children were affected, some having double vision. The onset was at 
ca. thirty years, except in one boy in whom it began as a child. Miosis 
(extreme narrowing of the pupils) is also recessive in another family 
with four cases associated with ophthalmoplegia. Holth and Berner 
(1923) describe miosis (pinhole pupils) in three sibs. They made a full 
anatomical study of this extremely rare defect. 

Ophthalmoplegia has been regarded as a complication of exophthalmic 
goitre (q.v.) or as evidence of the association of exophthalmic goitre with 
myasthenia gravis (paralysis of particular muscles without atrophy). 
Brain (1938) studied thirty-one cases and concluded that exophthalmic 
ophthalmoplegia is a syndrome distinct from either. It differs from exoph- 
thalmic goitre in age and sex incidence and in the role of the thyroid in its 
etiology. In Graves’ disease, thyrotoxicosis is the principal disorder of 
function; in exophthalmic ophthalmoplegia it plays no essential part. The 
exophthalmos (protruding eyes) is attributed to a factor other than thy- 
roxin (Chap. XIII), and ophthalmoplegia to a mechanical effect of intra- 
orbital tension on the ocular muscles. The thyrotropic hormone of the 
pituitary probably plays a part. 

Lagophthalmus is the opposite of ptosis; the retraction of the upper 
lid is accentuated and there is inability to close the eyes. This may 


170 


HUMAN GENETICS 


1)6 caused by various conditions and is non-hcreditary. It frequently 
occurs in connection with leprosy. Peters (1915) described a family 
with five cases of congenital lagophthalmus in four generations. It 
is dominant and the fact that the five affected were all females may 
be only chance. In cryptophthalmos or ablepharia the lids, which 
normally separate in the seventh month, fail to do so. The cornea 
and eyeball may also be abnormal. The condition is often unilateral. 
In the literature thirty-seven cases have been described, the inherit- 
ance evidently recessive as a rule, but in two cases mother and two 
children were affected. It has also been seen in three generations 
(eight cases) of mice. Brodsky and Waddy (1940) describe an infant 
with bilateral absence of palpebral fissures, eyelashes and eyebrows. 
The nasal bridge was wide and flat, the fingers and the three middle 
toes webbed, the external genitals malformed. Coover (1910) described 
a less extreme case of bilateral cryptophthalmia in mother and child, 
with no other abnormality. 

Partial union of the eyelids, ankyloblepharon, was found by Goldberg 
in five members of a family in four generations, the inheritance domi- 
nant and the defect generally on the outer side of the eye-opening. 
Normally the epidermis of the lids remains fused only until the seventh 
month. Ford (1925) described father and son with congenital anky- 
loblepharon. In the father the levator palpebrae superioris muscle 
was absent. Fine (1933) found two affected brothers. In both eyes 
a web of skin covered the caruncle and there was a suggestion of a 
similar condition in the mother. 

Entropion or inversion of the eyelids sometimes looks like the Mon- 
golian fold except that the epicanthus remains exposed. Usher (1932) 
described spasmodic entropion in five generations of a fisherman 
family in Aberdeen, invariably in the lower lids. There were 9 cases 
(8 c? I 9), as well as 4 of entropion with changes in the skin of the 
eyelids and 17 of changes in the skin of the lids only. These changes 
were of three kinds, (i) swelling of the upper lids, (2) a fold like the 
Mongolian fold, (3) crinkling of the skin of both lids. The inheritance 
is dominant and the entropion is believed to be secondary to the skin 
changes. 

Muller (1931) described a family with congenital entropion resulting from 
epiblepharon (eyelashes pressing against the eyeball). The grandfather, 
mother and two children were affected, and in another family a brother and 
sister as well as three sons of the brother. The condition appears to be 
dominant and is probably not very rare. Forty cases were found in the 
literature. 
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Strabismus or Squint 

Strabismus, or squinting, is often due to defective musculature of 
the eye, and is stated by Sedgwick (1861) to be hereditary in some 
families for many generations. In one family the five boys squinted 
in the left eye or in both eyes, while the five girls were normal. Their 
father and mother were normal, but the mother’s sister had a boy 
and a girl both squinting with the left eye. 

Czellitzer (1928) studied the inheritance of squinting in 306 families 
with 365 squinting children in Berlin. Cohn found among 10,060 
school children, 2.2 per cent of squinters. Among their sibs numbering 
891, Czellitzer found 140 cases, 15.4 per cent. Inward and outward 
squinting are distinguished. He concludes that the condition is reces- 
sive, but not due to a single factor, and he finds it more frequent in 
women (54.5 per cent). Macklin (1927) cites pedigrees in which it is 
recessive, and another in which it is dominant, while Clausen (1923) 
thinks that in still others it is due to the presence of several factors. 
Man appears to be one of few species in which the same character may 
behave as a dominant in one pedigree and a recessive in another. 
This condition can now be recognized as fairly common in the human 
species, and it requires a special explanation. It is known that in 
certain genera of plants “doubling” of the flowers is a dominant, while 
in others it is recessive to normal, but so far as known there is constancy 
in the type of inheritance in any one genus or species. Morphologically, 
doubling involves different changes and the doubling is not the same 
in all cases. The explanation may be that in man millions of individuals 
are under observation, but this seems insufficient. Such cases have 
been known in Drosophila, but 
their possible significance has not 

been considered. O | -- #-r -0 

Hippocrates observed that a par- ^ |||| ^ SnSnSTIl ^ 

ent with a cross-eye often had a T 

cross-eyed child. Both convergent I 

and divergent squint are inherited. B (S H 

The convergent form occurs 15 Dominant pedigree of hyperopia, 

times (8c? 7 9 ) m 4 generations amblyopia and strabismus in the left eye 
in a pedigree of Clausen and Bauer, ^nly. (After Sicherer) 
indicating dominant inheritance. 

Worth (1906) examined 1373 cases in London and found squint in parent, 
grandparent, brother or sister in 51 per cent of cases. The development of 
squint is also associated with nervous and psychological factors. Sicherer 
(1907) gives a dominant pedigree (Fig. 56) of strabismus, hyperopia 
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(long-sightedness) and amblyopia (dimness of vision) in the left eye only, 
with Sc? and i 9 affected in four generations. The right eye was emme- 
tropic (normal) except in one case in which it was hyperopic. This appears 
to be a single mutation affecting several features of the eye. There are 
many other records in which one gene appears to affect two or three parts 
or functions of the eye. Strabismus and nystagmus are both frequently 
associated with other defects. 

Rodin (1926) reported a family in which the mother and the three young- 
est children in a family of fourteen (nine living) squinted, with no ancestral 
history of the condition. In such a case the condition might be recessive or 
a dominant with low penetrance. He subsequently (1934) found another 
family of seven children in which the three youngest squinted although the 
parents were normal. Why the youngest children only should tend to 
develop the condition is not clear. West (1939) cites a family in which 
strabismus and nystagmus are both present. He summarizes the previous 
records, showing that both these conditions can be inherited as dominant, 
recessive or sex-linked, the first two types of inheritance being nearly 
equally frequent and the last rare. 

Strabismus takes a number of forms, such as unilateral, alternating 
(bilateral, one eye at a time being in use), concomitant, convergent, 
divergent, vertical, intermittent, paralytic and spastic, the last two 
being due to muscular abnormalities. When strabismus and nystagmus 
occur together, as they not infrequently do, it is still a question whether 
they are produced by one gene or two. It appears probable that stra- 
bismus itself is a one-gene condition and that the conclusions of 
Clausen and Czellitzer, based on statistical studies, that two or more 
genes are required, is due to the rather low penetrance. Non-inherited 
strabismus of slight degree can arise through worry. Inman (1935) 
shows that there are well-authenticated cases in which emotion causes 
periodic disease of the eye, including glaucoma, ocular hemorrhage, 
iridocyclitis, conjunctivitis, styes and tarsal cysts. 

Regan, Gregory and Mead (1944) find that strabismus is a simple re- 
cessive in a herd of cattle in California. It develops to various degrees 
during the first year and in some cases the eyes also protrude. 

Nystagmus (a continuous rhythmic rolling movement of the eye- 
balls) is associated with many congenital defects of the eye and is 
frequently accompanied by shaking of the head. It may be lateral, 
vertical, rotary or mixed. Miners' nystagmus is a well-known occu- 
pational neurosis. Waardenburg (1935) concludes that the nystagmus 
connected with albinism and other ocular defects is the result of a de- 
fective macula lutea or a lack of innervation of the eye. Hemmes (1926) 
found astigmatism present in 64 per cent of cases of nystagmus. He 
suggested that if the tone of the muscles controlling the eyeballs is 
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not weakened equally in all, nystagmus would arise. He also suggested 
a connection with the equilibrium apparatus of the ear, but no satis- 
factory explanation has been reached. Nettleship gives a sex-linked 
pedigree. Holm (1926) points out that in certain pedigrees it is a 
simple dominant, while in others it is confined to the sons but trans- 
mitted by the daughters. At least eleven pedigrees of the latter type 
have been published, and some others partly follow this recessive 
sex-linked type. The dominant and the sex-linked type are alike in 
their symptoms: shaking of the head, astigmatism, and weak eye 
pigmentation (partial albinism). It should be considered as due to 
a defect in the development of the eye, causing amblyopia (dim sight). 
Holm gives two pedigrees, both sex-linked. One (Fig. 57) has ten 



Fig, 57. Recessive sex-linked pedigree of nys- 
tagmus. (After Holm) 


cases in four generations, the other, seven cases in three generations. 
As a dominant It is generally (like strabismus) irregular, I.e., of reduced 
penetrance. The simple recessive form is less well established than 
the dominant and sex-linked. Waardenburg (1935) finds that the 
eye is often albinotic and thinks Vogt's cases of sex-linked fundal 
albinism are the same thing as nystagmus. 

Allen (1942) records a family with primary nystagmus and neither defec- 
tive macula nor albinism. It was strictly dominant, with ii cases (scf’ 6 9) 
in four generations, sibships 10 affected : 7 normal. The lesion is regarded as 
having its origin in the central nervous system, as in members with more 
stable nervous systems the defect was less noticeable. Billings (1942) 
records another family with recessive sex-linked nystagmus, nine cases, all 
males, in four generations. DeKIeyn (1938) shows that intoxication of the 
rabbit produces a vestibular nystagmus. This condition can also be elicited 
after removal of most of the brain, leaving only a reflex arc from the laby- 
rinth to the external rectus muscle. In an anencephalous human monster 
which survived at Utrecht for a week, on stimulating the vestibular organs 
a nystagmus with slow and quick phase was elicited in both directions, 

Hemmes (1924) analyzed his 38 pedigrees into sex-linked pedigrees, 
96 if*: 40 cf : I ? : 89 9 , and “mixed” (autosomal) 130#^ : 127 d’ : 
loot : 165 9. Waardenburg (1935) finds the general sex-ratio in all 
sibships of sex-linked nystagmus to be isOfT : I27f , and including 
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the dominant cases, 261^ :209f , the same relations holding fo. 
other sex-linked ocular abnormalities. There is also a large excess 
of affected to normal (66.2% + 2.93). He formulates the general 
rule that the mutation-causes which produce recessive and irregular 
dominant sex-linked eye characters in man also cause a higher ratio of 
male births and at the same time an excess of affected boys. Probably 
also the number of heterozygous females (carriers) is significantly 
higher than that of normals. If this law is generally applicable to 
ocular conditions it is probably of still wider application in human 
inheritance. 



Fig. 5<9. Irregular dominant sex-linked pedigree of hereditary nys- 
tagmus. (After Hemmes) 


Lenz (1932) holds that there are several allelic genes, each producing 
a different form of nystagmus. Hemmes (1924) found the frequency 
of nystagmus in Holland to be i in 5000 for cf cf* and i in 10,000 
for 9 9 . One of his pedigrees has 14 affected males in four genera- 
tions, strictly recessive sex-linked, but with only 8 normal brothers. 
Of the daughters, 6 are transmitters and 5 (all with families) not. 
In 12 of Hemmes’ 38 pedigrees there are affected females. Eight of 
these, with no skip, pass for regular dominant sex-linked. Figure 58 
shows a pedigree of Dubois, copied by Lenz from Hemmes, in which 
the inheritance is irregularly dominant sex-linked, 8 cT .*9 9 affected. 
In IV. 3 and IV. 4 there is failure of penetrance. The causes of reduced 
penetrance and irregular dominance remain uncertain. The subject 
is discussed on p. 15. 

Steggerda (1928) described a family with mixed nystagmus, 13 cases 
(bcf 7 9 ) in three generations. The gene was apparently a simple dominant, 
three other members of the family having '‘weak eyes."' Weissenberg’s 
(1928) Jewish family in the Ukraine (Fig. 59) has nystagmus alone, although 
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the sight is necessarily not sharp. If dominant, the condition has low pene- 
trance, since the lo children of II. 2 were all normal. 

mrO 
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Fig. 5p. Irregular dominant pedigree of nystagmus in 
a Jewish family in the Ukraine. (After Weissenberg) 

Waardenburg (1938) has published an instructive case of identical 
twins who were discordant, in a pedigree of irregularly dominant sex- 
linked nystagmus. The twin who failed to develop the condition 
nevertheless transmitted it to children. This shows that penetrance 
may fail even when the genetic background and the prenatal environment 
are the same. It remains a question whether the latent nystagmus 
associated with albinoid conditions is genetically distinct. It is more 
probably a result of the albinism. Kitihara (1930) described five 
families in Japan with nystagmus and found eighty in the literature. 
When sex-linked it can be transmitted by males and shows variable 
dominance in the female. The extensive case of Hemmes (1924) is 
of special interest (Fig. 10, p. 22) because he considered the condition 
dominant in the descendants of I. i but recessive sex-linked in those 
of I. 3. This implies the translocation of the gene in certain germ cells 
of the mother of these brothers, from an autosome to the X. Levit 
(1936) takes exception to this view and believes that the descendants 
of I. 3 show a more conditioned autosomal dominance. He cites V. 31 
as a heterozygous female showing the trait, but with this exception 
it must be admitted that the results fit perfectly the theory of a sex- 
linked recessive and it is strange, on his view, that none of the seven 
females in this part of the pedigree show the condition although they 
have all transmitted it. Hemmes’ view is the more probable. 

The essential parts of the eye are shown in Fig. 60. Not only the 
eyelids and the muscles moving the eyeball but every other part of 
the eye is subject to inherited defects. As the eye is the most precise 
and delicate organ in the body, these defects have all been intensively 
studied and only a fraction of the recent investigations can be referred 
to here. 

Steiger showed that the cornea of the eye in 1500 children varies 
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from 39 to 48 diopters in refractive index, the whole series falling 
into a binomial curve, with mode between 44 and 45 diopters. Gasser 
(1938) measured the condition in 220 eyes belonging to four different 
family groups. Two families gave curves with mode at ca, 43.5 diopters, 
another gave a very high peak at 45-46 with one value (segregation) 
as high as 52.5, and the fourth at 44-45. There were indications of 
both dominant and intermediate inheritance of corneal refraction, 
with probable recessiveness in one case, in which extremely high 
corneal refraction was combined with an excessively short ocular axis. 



Lens 

Fig. 60. Essential parts of the eye. (From Waardenburg after 
Merkel) 


Gasser also confirms Steiger in the conclusion that weak refraction 
is combined with large interpupillary distance and strongly curved 
cornea with small interpupillary distance. The interocular distance 
has been connected by some authors with size of brain. From portraits 
of the seventeenth and eighteenth centuries one gets the impression 
that interocular distances were formerly greater than now. 

In hstig1^^<llis1n the radms of curvature of one plane of the cornea 
or the lens is' longer or shorter than in the plane at right angles^ Astig- 
mktism was unknown until the beginning of the nineteenth century 
and cylindrical glasses were not made until 1820. According to 
Macklin (i927d) the axis and degree of astigmatism are generally 
the same in all affected members of a family. However, Waardenburg 
finds eonsiderable variation within families and in identical twins, 
so he regards astigmatism as a condition showing considerable lability 
■aiid' frequently intermediate inherit^ce. A person may also have 
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unilateral astigmatism and his child bilateral, or vice versa. Waarden- 
burg (1932) gives a pedigree of recessive astigmatism in which two 
astigmatic parents had eight children, all affected, the father’s sister 
being astigmatic but with three normal children. In some other families 
the condition is an irregular dominant. Motolese and Berardi (1936) 
made a study of comeal astigmatism in about fifty families of parents 
and children. Either parent could transmit. Probably corneal and 
lenticular astigmatism are genically independent, so the presence of 
both in one family or individual may lead to confusing results. 

VVieser (1927) tested the eyes of forty -six Sudan Negroes (Senegalese 
and Foula) from Dakar in a touring troupe at Zurich. The sharpness 
of vision of 85.5 per cent was over i ; 23.3 per cent were over 2.4. By 
comparison, among 10,000 Swiss recruits 73.4 per cent were over l. 
The Sudanese could all see better by natural than by artificial light. 
Most of them were hyperopic, some emmetropic, none myopic and 
none showed corneal astigmatism. These results confirm other observa- 
tions on the eyes of uncivilized peoples. 

In keratoconus the cornea is bulged outward in the form of a cone 
by internal pressure. It is recessive in some pedigrees but more fre- 
quently an irregular dominant. Van der Hoeve’s family is in the latter 
class. Sander (1931) described a Maltese family, father and three 
daughters all with keratoconus and anterior polar cataract in each 
eye, with myopia, mental degeneration and anaemia. Vogt (1934) 
found two cases of keratoconus in cousins (female) descended in the 
second and third generation from a pair of ancestors. The condition 
must either be recessive or a dominant of very low penetrance. A 
case of enlarged cornea (bilateral) combined with arachnodactyly is 
recorded (Stephenson, 1945) in a baby girl. There were no crypts in 
the iris, there was slight polydactyly and wasting of the arm and leg 
muscles. Five sibs were normal, the parents were unrelated, the grand- 
parents likewise normal. 

Hereditary corneal dystrophy is known in several forms: nodular 
(granular is a better term), cloudy, crystalline, lattice-like and mixed 
forms, according to the type of degeneration. Bucklers (1939) classi- 
fied them as mainly of three types: (1) dominant granular or crumb- 
like, (2) recessive macular type, (3) dominant lattice type. These 
opaque non-inflammatory spots may appear at puberty, but in some 
families they are congenital ; they progress slowly but may end in 
blindness. They may be regarded as comeal cataracts. Myopia is 
also generally present. The condition was described by Groenouw 
in 1890. It is bilateral but relatively rare. McBain (1942) reported 
two cases of the early granular type. Franceschetti and Babel (1944) 
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have a further classification of hereditary types of corneal dystrophy, 
based upon that of Biicklefs. 

Folkar (1909) traced nodular opacity of the cornea through three 
generations, finding nine cases. Opacity of the corneal margin, known 
cis arcus juvenilis or embryotoxon, was inherited in Clausen’s pedigree 
in four generations as a dominant, occurring in twenty-one out of 
thirty-two members. The inheritance of corneal cataract is generally 
dominant. Greenwood’s (1931) family included five cases of bilateral 
progressive lattice dystrophy in three generations. Those affected 

were all overweight. Srinivasan (1931) de- 
scribed a peculiar case in Madras (Fig. 61) 
with seven females affected in two genera- 
tions. The original parents were normal. 
Their three daughters showed the lattice - 
form. Of the grandchildren, III. i, 2 had 
the nodular form, while the two youngest 
showed the beginning of dystrophy witli 
keratitis punctata and curdy spots mostly 
on the corneal nerves. Groenouw’s (1933) 
family with the nodular form has eight af- 
fected members (i o’ 7 9) in four generations, the sibships numbering 
7 affected : 12 unaffected. The original great-grandfather married 
twice and transmitted the condition through both wives. Riegel 
(1933) described five cases (l o’ 4 9 ) in a family in three generations. 
The degeneration was bilateral and in the third generation was almost 
congenital. A pedigree of comeal erosion and degeneration combined 
(except in one man who showed only corneal degeneration) included 
12 cases (5 c? 7 9) in three generations (Schappert, 1933), the sibships 
12 affected: 20 normal. Judd’s family (1933) includes 9 cases (2 cf 7 9 ) 
in three generations. They were all very tall and slender, suggesting 
pituitary dysfunction. Frykholm’s (1935) pedigree with 18 cases 
(7 cf 1 1 9 ) in six generations is strictly dominant, with no skip. There 
is, as usual, an excess of affected females. In this pedigree the lattice 
form occurs mainly in the young and a more nodular form in the older. 
Freiberger and Josephson’s (1936) family contained 13 cases (fie? 79) 
and polarized light revealed the presence of cholesterol in the opaci- 
ties. Tritscheller’s (1921) dominant pedigree of crystalline corneal 
dystrophy, with 16 cases (9 c? 7 9 ) in three generations, is remarkable 
for the fact that the ancestry was found to converge on a single pair 
four generations earlier. This indicates (owing to the relationships) 
that the condition had been transmitted as a recessive (or dominant 
without penetrance) for four to six generations before appearing as 



Fig, 61. Pedigree of Groe- 
nouw’s nodular dystrophy of 
the cornea. (After Srini- 
vasan) 
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a dominant in two families of the fourth and two others of the fifth 
generation. Richner (1938) described a case of comeal affection com- 
bined with keratoma palmare et plantare (q.v.) in a boy of seven years 
with normal parents. The cloudiness of the cornea was in spiral form. 
There are only four previous records of this rare combination, which 
appears to be recessive. 

Gilch (1937) made a study of corneal turbidity in Wurtemburg, 
finding 68 cases, with which he combined 51 from the literature. All 
but 5 of the 1 19 cases fell into 12 pedigrees, each having a definite 
type of corneal cataract. Three general types are recognized : (i) brittle 
or crumb-like corneal dystrophy, which is dominant, (2) macular or 
spotted, which is severe and recessive, and (3) the lattice or reticular 
form, which is dominant but rare. The last two types both lead to blind- 
ness, but the brittle type is less severe. Comeal cataract is characterized 
by being bilateral, beginning in the first decade and slowly but steadily 
progressing. The brittle form nearly doubles in each generation, but 
the men are still able to see and work at fifty or sixty. The recessive 
form appears in the third decade and they often have less than one- 
tenth normal sight. Many of the cataracts are good examples of 
homochronous heredity, the condition appearing at roughly the same 
age in successive generations. As there is no method of preventing 
near-blindness from this condition, reproduction should be prevented 
in families in which corneal cataract occurs. See the monograph by 
Biicklcrs (1938). Schutz (1943) describes a family with eleven cases 
of the dominant crumb-like form, bilateral, but the sight only slightly 
affected. 

Mutch (1944) states that in dominant forms the axial zone only is affected 
and there is no vascularization. His family has 24 cases (i4cf 10 9 ) in four 
generations, dominant. He gives a full review of the literature and suggests 
that persons with this defect should be sterilized. Dominant pedigrees are 
more numerous than recessive. Mutch had fifty-two members of his family 
tested for the ABO and MN blood groups, finding no linkage. But many in 
the family had blue eyes and no affected member had brown eyes, so there 
is possible linkage with a gene for eye color. He also classifies the types of 
corneal dystrophy as granular and reticular (both dominant) and macular 
(recessive). Attenborough (1945) records three sisters with dominant 
granular corneal dystrophy. Their father, grandmother and great-grand- 
father were also affected. 

Theodore (1944) describes six cases of congenital opacity of the 
cornea, including two sisters. Three of them also had microphthalmia. 

In a family of Sala (1932) the males in three generations have a 
peculiar opacity of the cornea combined with aniridia and opacity 
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of the lenvS. Doggart (1939) describes a family with keratitis (inflam- 
mation of the cornea) iii a man, his daughter, his mother and his 
mother’s father, indicating dominant inheritance. This condition is 
also induced in such occupations as artificial silk manufacture and 
the opening of oyster shells. 

Epithelial dystrophy of the cornea is very rare. The original account 
is by Fuchs in 1910. He described it in 13 elderly persons (9) 9 with 
failure of vision in one or both eyes. Doggart (1931) describes the 
only familial case, in two sisters. Descemet’s layer, adjacent to the 
inner endothelial layer, is first affected. Davenport (1927a) recorded 
a family with five females in three generations affected by choroid 
sarcoma y inheritance probably dominant. 

Thomson and Ballantyne (1903) described a case of pigmenta- 
tion of the cornea in which there was a faint brown vertical line 
composed of chocolate-colored dots in the middle of each cornea, 
combined with myopia and partial coloboma of each disc. Five pre- 
vious cases exactly similar (four of them with myopia) suggest a genic 
basis for this condition. In cornea plana the curvature of the cornea 
is the same as that of the sclera. Cockburn (1944) finds it in a Greek 
soldier, and it appears to be recessive (Duke-Elder, 1940). 

Anophthalmos (absence of eyeballs) is an extremely rare condition. 
Lycosthenes in 1557 relates of a child born without eyes or ejirs but 
otherwise normal, and Thomas Bartholin in 1657 gave the earliest 
creditable account of lack of both eyes in a child with maldevelopment 
of nose and mouth and with six fingers and toes. Monteath in 1821 
recorded a family in Glasgow in which the first, second and fourth 
of eight children were born with no eyeball. Walker observed in 
Manchester in 1832 two children (sisters) with congenital anoph- 
thalmos. A normal boy was born between them. Sorsby (1934) 
published a manuscript in the Library of the Royal College of Surgeons, 
by James Briggs, giving the earliest account of familjal anophthalmos. 
Both parents had rather small eyeballs and four of the seven children 
were blind with no eyeballs. In II. 7 the right eye was absent, the left 
malforrr^d. The father had two normal children by a second marriage. 
These r^ords go to show that the gene for anophthalmia is recessive, 
the eyeball being small in heterozygotes. Eyelessness may be accom- 
panied by syndactyly and hydrocephalus and the optic nerves may 
also be affected. Waardenburg (1935) cites a family with three cases 
of eyelessness, syndactyly and only four toes on each foot. 

King (1931) estimated that anophthalmos occurs in rats not oftener than 
I in 1000. Eyeless rats are usually smaller and less vigorous. From breed- 
ing such rats to normals and backcrossing, only normals were obtained, 
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from which she concludes that anophthalmos is not inherited. It seems, 
however, that the tendency to produce anophthalmic offspring is inherited 
both in rats and man. This probably means that a definite gene for anoph- 
thalmia is present, its expression depending on the conditions at a critical 
stage in eye development. 

In pigs, it has been shown (Hale, 1933) that a sow receiving a ration 
deficient in vitamin A gave birth to a litter of eleven pigs, all without eye- 
balls, although ten were alive. In another case (Zilva et al., 1921), lack of 
vitamin A produced a litter of eight in which two pigs lacked hind limbs 
and in two others the hind legs were abnormally developed. Possibly the 
different response to lack of vitamin A depended on genetic differences in 
the pigs. Eaton (1937) described a strain of guinea pigs in which anoph- 
thalmia on one or both sides, microphthalmia, opaque lens and rotated eye- 
ball were all genetically related but the method of inheritance was uncertain. 
The condition was sublethal. 

Abnormally long lower tear duct with ankyloblepharon internum 
and a large caruncle was described by van der Hoeve in 1915 in a 
father and four children. Waardenburg (1930) cites several other 
families in Holland, the grandmother in one family being affected. 
The condition thus appears to be dominant. He also cites a family 
with ptosis, blepharophimosis, hypoplasia carunculi et plicae semi- 
lunaris, epicanthus, hyperplasia regionis interocularis with dislocatio 
lateroversa canthi medialis et punctorum lacrimalium. These condi- 
tions were all inherited as a simple dominant unit — a case of foetal 
fixation. Town (1943) describes the absence of lacrimal puncta in a 
father and his two boys. Tears always ran down the boys’ cheeks. 
He found 21 cases of this rare condition — absence of puncta and cana- 
liculi — on record, in one of which it was present in the grandfather. 

Microphthalmus 

Microphthalmus is a condition in which the eyeball is so small that 
vision is subnormal or absent. The defect occurs in varying degrees, 
with anophthalmus as its extreme form. In true microphthalmia the 
small eyeball is accompanied by a small palpebral fissure and orbit, 
whereas in microcornea only the eyeball, or strictly the anterior 
(corneal) part of it, is small. The inheritance of microcornea is rare 
and requires further investigation. It appears to be recessive in 
certain cases and perhaps polymeric (multifactorial) in others. Some- 
times the children of microphthalmic parents show high-grade far- 
sightedness, which is probably the heterozygous condition. Mackliri 
(1927b) records seven pedigrees in which microphthalmia is a recessive, 
bom of normal parents. Usher (1921) described a case where it is 
dominant, associated with myopia and corectopia (displacement of 
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the pupil) in four generations. In a pedigree of Ash (1922) it is of the 
sex-linked type (Fig. 62). Ash makes the statement that “the male 
members show no tendency to transmit the disease.” This is because 
none of the affected (blind) males married. Had any of them dore 



Fig. 62. Recessive sex-linked inheritance of microphthalmia. 
(After Ash) 


SO, their daughters would no doubt have been transmitters of blindness 
to half the males of the next generation. Chr. Thomsen (1915) reviews 
the early literature and describes families having microphthalmia 
with or without cataract. Microphthalmus is thus a further example 
of the fact that the same condition may be inherited as a Mendelian 
dominant or recessive, or as a sex-linked character, in different lines 
of descent. 

Wolff (1930) records a family in which the parents were first cousins 
and 5 of the 10 living children (2 cf 3 9 ) had small eyes, deeply set, 
with small orbits. There was some ptosis but reasonably good vision, 

I 

II 

III 

IV 

^ sMicrophthalmia 
n =S|nall or missing incisors 

Fig. 6j. Pedigree of small eyes and small or absent incisors. 

(After Wolff) 

and all were highly hypermetropic. The cornea was ca. 10 mm. ir 
transverse diameter. As shown in Fig. 63, three of this family (III. 4, 
7, 10) had only two upper incisors, III. 4 had four abnormally small 
lower incisors and III. 8 had supernumerary teeth (two rows). Darwin, 
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m Animals and Plants under Domestication^ recorded this association 
of microphthalmia with defective dentition and other cases have been 
recorded since. Brailey (1890) recorded the case of a girl of eighteen 
with double microphthalmus, the irides nearly absent. In her upper 
jaw only the canines and two premolars on each side were present; 
in the lower jaw the incisors were wanting on the right side and the 
canine on the left. She was the eldest of six children and had atresia 
ani and umbilical hernia at birth. Three sisters suffered from convul- 
sions and two were normal. 

The sex-linked recessive pedigree of Ash (Fig. 62) has since been 
extended by Fraser Roberts (1937), who shows that the microph- 
thalmia in this family is associated with mental defect. There are 
now fifteen cases in five generations. The microphthalmia shows 
much variation and blind males may range from normal mentality 
to feeblemindedness and idiocy. There is no mental deficiency apart 
from blindness in the family. The normal members are above average 
intelligence. This association of microphthalmia with mental impair- 
ment has been noted by several writers. Roberts explains the associa- 
tion by suggesting that the organism at certain critical stages of 
development is, for genetic reasons, abnormally sensitive to non- 
genetic influences which can modify the brain. Microphthalmia is 
also a dominant in association with ectopia lentis and myopia (pedigree 
of Usher) as well as with other ocular defects. The Ash family was 
traced back by lies (1939) for two hundred years in Yorkshire, from 
members at Stoke Park Colony. Affected members are all born blind, 
and no two eyes are alike. The family is now nearly extinct. 

Page (1874) described three generations of microphthalmos, irideremia 
and nystagmus, occurring in a woman, two daughters (two sons and a 
daughter unaffected) and an affected daughter’s daughter. 

In Helen King’s (1931) strain of albino rats an individual female appeared 
with a small right eye. The other twenty-eight offspring from this pair of 
parents were all normal, nor did sibs yield any further case. Mated to a 
brother, this female gave nineteen young, including one female like the 
mother. The latter was mated to a brother and produced 19 young, includ- 
ing 4 which were microphthalmic: i cf i 9 with small left eye, i 9 with small 
right eye and icf with both eyes small. From this strain 1884 rats were 
bred, 538 of which had one or both eyes defective, but it was impossible to 
obtain a strain pure for microphthalmia, which shows that the tendency 
rather than the condition was inherited. In a study of 14 further genera- 
tions from this stock, Hain (1936) bred over 5000 rats but obtained only 
154 with eye defects, including besides microphthalmia, aniridia, cataract, 
etc., and rarely anophthalmos. Defectives were rarely born to defective 
parents. The genic situation appears to be too indefinite and too subject to 
environmental conditions to bear analysis. Hain suggests that a dominant 
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factor with poor expressivity is present, conditioned by genetic modifiers 
and physiological effects. 

Szily (1924) made an extensive histological study of microphthalmus, 
coloboma and orbital cysts in rabbits’ eyes ; also in pigs and other animals 
By treatment with naphthalene he produced coloboma fifty-five times as 
frequently as through normal inheritance. In fowls, bilateral microphthal- 
mia in which the eyeball was about half the normal diameter was inherited 
(Jeffrey, 1941) as a simple recessive (196 : 60). The comb was also partially 
or completely doubled, and the condition was lethal as the chicks could not 
see to eat or drink. Gruenwald (1944) shows that the abnormal development 
begins with the formation of minute cysts in the retina, which is later thrown 
into folds. The lens is only slightly reduced in size, but the pecten is almost 
absent. 

In megalocornea the eyeball is abnormally large. This may result 
from glaucoma (hydrophthalmus) in childhood, but is usually an 
independent abnormality accompanied by very good sight. It cannot 
therefore be regarded as a defect. Kayser (1914a) gives a family 
pedigree with sixteen cases in five generations. It was found only in 
males, and except in one case it was not inherited direct from father 
to son,® but through normal daughters of affected fathers, hence ordi- 
nary recessive-sex-linked. Kayser (1914b) described another family 
with seventeen cases in six generations, the inheritance being through 
sound mothers to half their sons. Gronholm (1921) gives another 
pedigree with the same type of inheritance, 12 cf 2 9 affected in three 
generations. This includes a marriage between a woman transmitter 
and a man with megalocornea. They have two daughters affected 
and one normal son. This is in accordance with expectation for 
XX X XY. Finally, Gredig (1926) describes a family in which the 
condition is inherited as an ordinary Mendelian dominant, with 
13 occurrences (iicT 2 9 ) in four generations. He, like earlier authors, 
ppinte out the difficulty in distinguishing megalocornea frpm hyidroph- 
thalmus or, dropsy of the eye. 

Waardenburg (1932) thinks that Gredig has not proven simple 
dominance of megalocornea in this family. He finds evidence that in 
some families a graded series of size factors with cumulative effects 
is involved, this condition being distinguished as He 

suggest^ that in Gredig’s pedigree both conditions are present. A 
family with recessive sex-linked megalophthalmus is described by 
Vail (1931). The condition was bilateral, almost confined to males, 
and it leads to cataract. ' 

’? ^This'son was born In 1810. His son and four daughters were normal, and three' of the" 
daughters had lo normal children (50^ 5>Q )v so there may be a mistake in the record of this 

rmn^ y- : ^ ^ ^ ' v- , ,r ^ v . 
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Julia Bell (1932) gives ten pedigrees of megalocornea with 53cr 6 9 
affected, indicating that it is generally recessive sex-linked. Riddell 
(1941) states that it is frequently difficult to decide whether the cornea 
is too large for the sclera or the eyeball too small for the cornea. His 
pedigree is sex-linked, with four males and one heterozygous female 
affected in three generations, showing that dominance is variable in 
the female. The mean diameter of the cornea was 12.625 mm. in 
affected members, 11.542 mm. in unaffected, controls ranging from 
ii-i2.5mm. The presence of this sex-linked gene may account 
for the fact that the mean diameter of the cornea is larger in males 
than females. 

Hydrophthalmos (distention of the eyeball by an internal accumula- 
tion of water) resembles megalophthalmos clinically but differs in 
causation. Vogt crossed hydrophthalmic rabbits with normal and 
found it inherited as a recessive. 

Melanosis sclsrae is a rare condition in which a large amount of 
brown melanin pigment accumulates not only in the iris but also in 
the sclera, which may be bluish in places. Jablonski described two 
sisters with both eyes affected, but frequently only one eye undergoes 
the change. Selter reported four cases in two generations. 

The pupillar membrane over the iris, which is normally resorbed 
in the eighth month, sometimes persists in the form of a network or 
free clumps of pigment. This happens more frequently in dark brown 
than in blue eyes. Such conditions have been seen in grandmother, 
mother and daughter of one family, as well as in brother and sister 
and in three sibs, together with other conditions. 

Ectopia lentis, or dislocation or displacement of the lens, is a condi- 
tion which occurs in various degrees and interferes more or less with 
vision. Vogt (1905) described a family in eighteen members of which 
spontaneous dislocation of the lens took place during middle age (at 
twenty to sixty-five years) and was inherited as a dominant. Fifteen 
out of thirty males (50 per cent), but only three out of twenty-six 
females (12 per cent), showed the condition, and the latter did not 
transmit. Waardenburg (1924b), in a study of these conditions, dis- 
tinguishes ectopia pupillae, ectopia lentis congenita, ectopia lentis 
et pupillae and ectopia combined with other abnormalities. Usually 
ectopia of the pupil is unilateral and uninherited. Waardenburg gives 
a dominant pedigree showing 15 persons (6c? 9 9) in four generations 
with bilateral ectopia. The inheritance is usually dominant in other 
pedigrees. The direction of the displacement is always upward emd 
inward, but it occurs in grades from scarcely abnormal to the largest 
displacement. Usually also the pupil is narrow, there are structural 
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changes in the iris, remains of the membrana pupillaris and absence 
of the limbus. The condition is independent of iris color. Ectopia 
lentis is also found to be recessive in three other families. 

Cameron (1926) described hereditary dislocation of the lens in four 
generations (Fig. 64). Fourteen persons are affected, only one a male. 
Both lenses were dislocated in every case, the vision was seriously 


ixo ixD dxo 4x0 6x0 4 xd 

iibi* <56 drE^'<5636ffij 

Fig. 64. Pedigree of ectopia lentis. (After Cameron) 


affected, and a squint (convergent or divergent) was apparent. Five 
members had to be trained in an institution for the blind. The condi- 
tion was female-sex-linked with the one exception, but seven females 
were unaffected, so it is not a case of united X-chromosomes, unless 
they separated in the mother of the affected male. Fecht (1926) 
describes luxation of the lens in three brothers and a sister. The 
parents were normal, as were the next generation from marriages with 
normals. Evidently the condition was recessive in this pedigree. 

In Windle’s (1891) family with congenital ectopia lentis the condition 
was strictly dominant, 13 cases (ii cT 2 9 ) in five generations, sibships 
numbering 12 affected : 15 normal. Usher (1924) described a family 
with seven cases in three generations, both lenses dislocated in every 
case. An affected father had five affected and four normal children, 
one of the former having an affected son. As the father’s parents were 
normal and the condition is strictly dominant, it probably arose as 
a mutation in this family, especially as the father alone was affected 
among nine sibs. Kredbova’s (1932) family shows dominant inherit- 
ance in four generations, 15 of 37 persons being affected. Two of 
them had also coloboma of iris and choroid and six had fundus changes 
with a high degree of myopia. Roese (1933) described four generations 
of a family with 9 cases (Sef 4 9) and strictly dominant inheritance. 
Pittenger (1935) has another pedigree with 22 cases (10 cT* 129) in 
five generations, but it is so constructed as to be almost unintelligible. 
The family was of good mentality and there was no consanguinity. 
Myopia was the rule, but the vision of only two patients was improved 
by glasses. Falls and Cotterman (1943) describe a family with 24 cases 
in six generations, dominant but with failure of penetrance in two 
cases. Cataract frequently developed later. Cotterman and Falls 
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(1944) have tabulated material from 157 members of this family 
for an analysis of linkage with the ABO blood groups, MN blood 
types, Rh, secretor factor, taste-blindness, eye-color and red-green 
color-blindness (9 cases). Measurements showed no evidence of 
arachnodactyly. 

Ectopia lentis combined with arachnodactyly and blue sclera with 
brittle bones are considered in Chap. XVIII. 

Adie's syndrome is a condition in which the pupils are unequal 
(Fig. 65) ; they react slowly on accommodation but not to light, and 
tendon reflexes are absent. It was pointed out that the condition is 



Fig. 65. Adie’s syndrome in a girl. Right pupil dilated. (From photograph by Dr. 
D. G. Cogan) 

harmless (Adie, 1931) although the Argyll-Rttbertson pupil with similar 
reactions (usually bilateral) is often regarded as a sign of syphilis. 
Six cases (5 cf i 9 ) were described. Moore (1924) had already reported 
seven cases, including a man of seventy with one dilated pupil, his 
sister and granddaughter being the same. In 1932 he added eight 
more cases with Argyll-Robertson (non-luetic) pupils. The age of 
onset may be at birth, 5, 7, 20, 24 or 42 years. One case lived for 
forty-seven years after the condition was discovered. Moore con- 
cluded that it is not related to syphilis nor to any constitutional or 
nervous disease. Langworthy and Ortega (1943) describe the innerva- 
tion of the iris in the albino rabbit and discuss the abnormal pupils 
in man. 

Rudolf (1936) reported the condition in mother and daughter. 
Dressier (1937) found it in three sisters, the parents being normal. 
A son and daughter of one, an aunt and a cousin on the father’s side, 
had hippus (spasmodic alteration of pupil-size or tremor of iris). The 
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three sisters had both. Dressier thought the condition recessive, but 
it seems more like a conditional dominant. Scheie (1940) reported 
six more cases and postulated the lesion as a partial parasympathetic 
denervation peripheral to the ciliary ganglion. McKinney and Frocht 
(1940) describe 7 cases (3cf 4 9), including a father and son, and 
discuss the etiology. This is another inherited condition of the sympa- 
thetic nervous system, probably an irregular dominant of low pene- 
trance, not uncommon and much more frequent in females than males. 

White and Fulton (1937) describe a case of adult female identical twins 
with both pupils showing dilation and oval shape, reacting to constricting 
stimuli only in two quadrants. The same condition was present in the 
mother but absent from five children of the twins and five sibs. It is prob- 
ably an irregular dominant. A case of myotonic pupil was known as early 
as 1813. 

Border of Pupil 

The edge of the pupillary border (saum) is an interesting structure, 
microscopic in dimensions yet showing inherited differences. The 
normal appearance is shown in Fig. 66. It is composed of dark brown 
lobes separated or close together according to whether the pupil is 



Fig. 66. Normal pupillary margin, showing nodules separated 
in open pupil. (After Waardenburg) 

open or closed. Vogt (1923) showed that this border in man may be 
double, single, absent or with cysts. Flocculi, i.e., wart-like excres- 
cences, may form on the margin (Fig. 67). A double pupillary margin 
was found in two brothers. Vogt, who showed that flocculus-formation 
of the pupil margin is also hereditary, has made some illustrated 
studies of this subject. In diabetes the margin is not much altered, 
but senile changes make it discontinuous. Hyaline changes are also 
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Fig, 67. Flocculi on margin of (closed) 
pupil. (From Waardenburg after Vog ) 


regarded as senile. Cysts are not rare. With iridocyclitis (inflamma- 
tion of the iris) there is a typical efflorescence. With hereditary domi- 
nant glaucoma, glassy round excrescences appear on the border. The 
flocculi have been regarded as r. ^ j ^ 

atavistic in nature, as they are \ 

present in many fishes and am- 
phibians. They are formed par- ^ > 
ticularly on the upper border of 
the pupil. Vogt distinguished la- 
mellar and tuberose forms. They 
occur in horses, but not in dogs, 
cats or pigs. Froelich (1924) 
published seven pedigrees of 
flocculus-formation without cer- 
tainly determining the method 
of inheritance. Waardenburg 
(1932) found fourteen men and fifteen women with flocculi, although the 
earlier observations indicated an excess of males with the character. 
All the evidence indicates that it is an irregular dominant. Mahl6n 
(1942) describes a very marked case of bilateral flocculi in a boy and 
confirms their greater frequency in males. 

The Iris is thicker and more heavily pigmented in Negroes. Hyper- 
plasia or partial doubling of the mesodermal tissues of the iris is 
inherited as a dominant condition. Split iris (in two layers) was 
recorded by Waardenburg in a mother and three children. Hypoplasia 
of the stroma is a recessive sex-linked condition with secondary glau- 
coma. Dominant forms of this condition have been reported by several 
authors. In some families it is combined with other ocular defects. 
Hypoplasia of the iris dilator muscle has been seen in sibs in certain 
cases. Polykory (two to five pupils) is a rare condition which shows 
signs of inheritance. 


Aniridia 


Defects of the iris and the lens of the eye furnish a large proportion 
of the inmates of blind schools. When the inheritance of these condi- 
tions is understood by doctors and patients there should be a slackening 
in the serious increase of blindness through inheritance, for those 
who would transmit blindness should obviously be advised to refrain 
from reproduction. 

Aniridia, or absence of the iris, has been described in several pedi- 
grees cited by Macklin (i927d). A trace of the iris always remains. 
Cunningham records aniridia in four generations of a family as a 
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simple dominant skipping one generation. In various pedigrees it is 
combined as a dominant with other eye defects. Coloboma and 
aniridia are interchangeable; both may occur in the same person and 
a parent with one condition may have children with the other. Aniridia 
is equivalent to total coloboma. Ingrowth of the iris fails owing to 
the persistence of the irido-hyoid blood vessels. These normally appear 
at the fifth week and begin to disappear at the middle of the third 
month, when the ectodermal part of the iris is starting to grow forward 
over the front of the lens. Sedgwick (i86i) described cases of the 
inheritance of aniridia. Duggan and Nanavati (1927a) cite a case 
where all four children of a third wife were affected, the previous 
children of the father being free. The mother had nystagmus, bad 
sight and probably aniridia. Rush (1926) described another family 
with congenital aniridia. 

Partial aniridia is also dominant. Poke’s family having seven cases in 
three generations. Many other pedigrees are referred to by Waardenburg 
(1932). Neher (1938) describes a family with dominant congenital aniridia 
in five generations, 15 cases (lod^ 5 9). 

There are various inherited anomalies of the tear-sac and duct, 
Poljak and Popova (1929) described two Russian families with inflam- 
mation of the tear-sac, mheritance dominant. In one there was a con- 



Fig, 68 . Extreme coloboma of iris in both eyes. The pupils 
were dilated by a mydriatic. (From photograph by Dr. 

D. G. Cogan) 

genital nasal fistula (nine members in four generations) ; in the other 
the lesion occurred at about twenty-five years of age (three cases in 
three generations). Displacement of the tear ducts, lack of secretion 
and atresia of the tear ducts are also inherited, generally as irregular 
dominant conditions. Schnyder (1920) described a family with six 
cases of tear-duct defects in three generations. 

Coloboma is a congenital fissure which may appear in any part of 
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the eye, as the iris, choroid, lens, vitreous or eyelid, through failure 
to complete development. Cotoboma of the iris (Fig. 68) is not uncom- 
mon and is generally a somewhat irregular dominant. The family of 
Snell (1908) has 14 cases (60? 8 9) of bilateral coloboma of the iris 
in five generations, strictly dominant, sibships 14 affected : 13 normal. 
The three infants in the last generation showed aniridia. Figure 69 
shows a family with seven ceises, 
all males, in three generations, 

III. 7 having the defect in one 
eye only. This is probably an 
irregular dominant; it might be 
sex-linked, but the inheritance 
is also direct from father to son. 

This pedigree could be explained 
by crossing-over between the X- 
and Y-chromosornes. Coloboma lentis with ectopia lentis was followed 
in four generations (five cases) by Clark and in three generations by 
Bahr as an irregular dominant. Davenport (1927b) described macular 
coloboma as a gap in the choroid, occurring in mother and son. 
DeHaas (1931) found it in a father and three sons, two daughters 
and one son being normal. 

Coloboma of the macula together with apical dystrophy of hands and 
feet was described by Sorsby (1935) in a mother and five of seven 
children. The mother’s parents and ten sibs were all normal, so she 
was probably an original mutation. The coloboma was bilateral and 
pigmented. The nails on the index fingers and big toes were rudi- 
mentary and there was a tendency to complete bifurcation of the 
thumb and big toe. One boy had also a single kidney. Probably two 
linked genes are involved, the apical dystrophy being of the type 
described by MacArthur and McCullough. It appears probable that 
the eye defect and the skeletal defect were separate mutations, arising 
together in the same chromosome in one of the germ cells that produced 
the mother. If in homologous chromosomes, they would be in the re- 
pulsion phase in the offspring. The alternative is one mutation with 
multiple effects. Halbertsma (1932) gives six short pedigrees indicating 
that coloboma of the macula is an irregular dominant arising early in 
development, while a hole in the macula arising much later is always 
unilateral and is probably not inherited. 

An experimental study of coloboma in creeper chick embryos by Gayer 
(1942) throws light on their origin. He produced this condition by trans- 
plantation of a normal optic vesicle to the flank of the chick. Every such 
grafted normal eye rudiment developed a coloboma similar to that found in 
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Fig. 6g. Pedigree of coloboma iridis. (After 
Sedgwick) 
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the eyes of phocomelic creeper chicks. He concludes that extrinsic factors 
outside the cup play a part. This does not necessarily always follow, how- 
ever, for it is well known that in many features of development extrinsic 
and intrinsic factors can produce identical results. In other words, there 
are many instances where a gene mutation produces the same effect as an 
environmental stimulus, so there is no contradiction involved in finding the 
same condition produced genically in one case and by an extrinsic factor in 
another. 

Gesell and Blake (1936) have made a full study of a pair of MZ 
female twins 12 years of age, both having bilateral macular coloboma. 
The similarity extended even to the virtual duplication of the position, 
size, outline and pigmentation of the coloboma in all four eyes. They 
discuss the heredity from an embryological point of view and give 
full references to the literature, besides analyzing the various studies 
of ocular abnormalities in MZ twins. 


Myopia and Hyperopia 

Normal sight, in contrast to long- or short-sightedness, is a complex 
condition (emmetropia) in which the light rays are focussed exactly 
on the retina. This depends especially on the axial length of the lens 
and the refractive index of the cornea, but to a small degree on various 
other adjustable features of the eye, such as the position of the lens 
and the refractive indices of the media in the various chambers of the 
eye. Children are born hypermetropic (long-sighted) and normal 
sight or myopia arise later. The observations of Hermann Cohn on 
school children in Breslau in 1867 made it appear that myopia arose 
through faulty lighting in schools. 

When apes in Java were kept in a horizontal position so that the eyes were 
subjected to venous engorgement, five out of seven became myopic while 
the controls were unchanged. Keith (1925) attributed myopia to a disorder 
of growth, a faulty reaction of the fibroblasts of the sclerotic to the strain 
they are subjected to arising from intraocular pressure during the period of 
growth. He suggested that prolonged stooping over a desk would increase 
this effect, as in the apes. Clarke (1925) regarded the condition as one of 
stretching of the fibroblasts in the very early growth, and thinks the inter- 
pupillary distance is greater in myopes. He estimated that by the sixth 
year one child in 1000 is myopic, whereas at twenty years the frequency is 
15 per cent, and in Germany even higher. Von Verschuer (1930) finds that 
it ranges from 24.5 per cent in Schleswig-Holstein to 41.8 per cent in Upper 
Bavaria. Sir John Parsons regards congenital weakness of the sclerotic as 
the inherited factor, the sclera being easily misshapen by use. Eldridge- 
Green fbiind that continuous lifting of heavy weights, which causes engorge- 
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ment of the eye, produced myopia ; but it was pointed out that this could 
only be when a weak sclerotic was already present, otherwise every athlete 
and coal heaver would be myopic. 

Steiger, in earlier studies of 50,000 eyes, emphasized the hereditary 
factor in myopia. Studies of Nordgren (1936) and others have shown 
that in Sweden myopia has declined in frequency about one-third 
between the years 1894 1920 but there has been little reduction 

since. School hygiene has improved during this period, but the inci- 
dence of myopia had no relation to life in town or country, nor was 
myopia associated with poor physique. There was a positive correla- 
tion with conditions of nutrition. Evidently predisposition and 
external circumstances both play a part. Wilson (1935) collected 
X500 consecutive cases of myopia in England and investigated their 
family history. Where the father or mother was myopic they trans- 
mitted myopia to two girls for one boy. Among over 22,000 school 
children with defective vision 57.9 per cent were girls. At ages 7 to 
10 years there were 4.6 hypermetropic to one myopic, but at 15 to 
17 years the ratio was i : l. 

Hypermetropia, the congenital condition, is shown (Waardenburg, 
1932) to be a somewhat irregular dominant in many families. The 
highest grade of hyperopia is recessive and generally associated with 
microcornea, microphthalmus and 
blepharophimosis. The heterozy- 
gous condition is intermediate. In 
84 families with 453 children there 
were 149 hyperopic — always 
more than 2 diopters. In two 
families astigmatism was also 0 = Hyperopia 

present and was separately in- 0 = Astigmatism 

herited (Fig. 70) , two children of pedigree of hyperopia and astig- 

the third generation showing each matism. (After Waardenburg) 
condition in one eye. The other 

family shows that a person with astigmatism only can transmit both 
astigmatism and hyperopia. Lambert and McDonnald (1931) found a 
family in which the mother and four of seven children had a high 
degree of farsightedness. 

Myopia also exists in many grades. Waardenburg (1932) cites 
infantile myopia as a separate condition, twice as frequent in boys 
as girls, distinguished by deeper pigmentation of the macula while 
the rest of the fundus is often weakly pigmented. Strong myopia 
is generally recessive, as in the family (Fig. 71) of Jablonski (1922). 
Waardenburg concludes that there are several biotypes of high-grade 
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myopia, having found a case in which two such myopics had a normal 
daughter. Czellitzer (1912) collected over 1000 pedigrees of high- 
grade myopia. In one family with a myopic mother, six of the seven 
children were myopic, one of them unilaterally, indicating failure of 
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Fig. 7/. Pedigree of recessive myopia. The figures indicate the 
number of diopters. (After Jablonski) 

penetrance on one side. Gassier (1925) described a family with ten 
cases in two generations of axial myopia combined with excessive 
and probably congenital night-blindness, and convergent strabismus. 
The myopia was 9-16 diopters. The inheritance was recessive and 
accompanied by a very high infant mortality. Another family shows 
that the association of myopia and hemeralopia is not complete. 

Studies of identical twins show that the range of variation in refrac- 
tion for any genetic condition is a narrow one. That myopia can be 
strictly recessive sex-linked is shown by an early j^edigree (F'ig. 72) 



Fig. 72. Pedigree of recessive sex-linked myopia. (After Worth) 


of Worth (1906). The myopia was 10-12 diopters, with some astig- 
matism. It is stated that in this family all the myopic (males) had 
brt?wn eyes while all the normals had blue eyes. Search should be 
made for linkage between myopia and eye color. Another pedigree 
of sex-linked myopia is by Oswald (1911), with five males affected 
in four generations. Yamazaki C1927), from a study of 1906 families, 
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regarded high-grade myopia as the homozygous and low-grade as 
the heterozygous condition. 

Waardenburg (1932) found an interesting family in which a hyperopic 
man married a myopic woman. Two of the girls were emmetropic, two boys 
myopic and one daughter hyperopic. This result could be explained through 
incomplete dominance or polymeric or allelic inheritance of the genes for 
long and short sight. Myopia develops particularly during puberty and pre- 
puberty, so the increase in the optic axis may possibly have hormonal 
connections. 

Czellitzer (1928), Vogt and others have assumed two genes to explain 
myopia. Moderate degrees of the condition seem to show intermediacy in 
inheritance, which may indicate a polygenic condition. It is probable that 
axial length of lens and corneal curvature are independently inherited, as 
Vogt suggested. This would be analogous with the independence of cataract 
of the cornea and lens. Vogt described one family with dominant myopia, 
weak sight and nystagmus but not albinotic. In a family of Waardenburg 
(1935) these conditions could separate. He suggests that the correlation of 
myopia (lengthening of axis) and intellectual ability is more intelligible 
since they have a common (ectodermal) basis. Many albinos are myopic, 
while those with coloboma and aniridia are mentally abnormal. Farsighted- 
ness (short axis) is frequent in the feebleminded and mongoloids. 

Liepin (1924) found that in marriages between emmetropic parents 
who had myopic children the numbers were 166 normal : 52 myopic, 
which is close to 3 : i. When both parents were myopic all the children 
were so. Monohybrid recessive is then the usual method of inheritance 
of myopia, especially as regards high-grade conditions, but some results 
do not fit this simple scheme. Probably there is a gene with irregular 
dominance in some families. Otherwise a relatively high incidence of 
recessive genes in the population must be assumed. These problems 
can only be solved by a fuller and more accurate study of myopic 
families. 

Flach (1942) publishes a peculiar pedigree with 23 cases (3 c? 20 9 ) 
of myopia in three generations, 5 of them (2 cf 3 9 ) being low grade. 
Normal parents had four normal sons and three daughters with high- 
grade myopia. The sibships number about 23 affected : 27 normal and 
the inheritance is probably autosomal, irregularly dominant, but with 
a great excess of affected females, making it almost sex-limited. 

Myopia is a condition which tends to accumulate in civilization. 
It also occurs in rabbits, horses and monkeys under domestication, 
but natural selection presumably eliminates it under wild conditions. 

The refraction curve for the population is asymmetrical, myopia 
being much more frequent than hyperopia. The curve for high-grade 
myopia is also irregular, indicating different types of myopia, some 
of which may be dominant. 
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Anisometropia is a condition of unequal refraction in the two eyes. 
Certain records show that one-sided heredity can occur. Blatt (1924a) 
referred to two sisters with right eyes emmetropic but left highly 
myopic (21-22 diopters). A daughter of one showed 2 diopters in the 
right eye and 25 in the left. All three showed some abnormality in 
the left eye. In another case (Passow) the father, son and daughter 
were all myopic in the right eye, with respectively 17, 20 and 3 diopters, 
the left eye being normal. Three brothers (Wessely) had congenital 
atresia of the right nasolacrimal duct. 

Cataract 

Cataract is a condition of the lens in wliich certain parts or the 
whole become turbid instead of transparent to light. Cataract may 
be congenital, it rarely occurs in early childhood, may develop in 
middle life, and senile cataract occurs frequently in old age. These 
are all independent entities which can be traced in different families. 
The inheritance is nearly always dominant, but certain recessive pedi- 
grees are known and in at least one family it is sex-linked. 

Much is being learned regarding the chemical pathology of cataract as a 
series of steps in the chain of causation. Campbell (1933) states that the lens 
contains a specific protein, 7-crystallin. jS-crystallin is also abundant, but 
decreases with age. They are rich in the amino-acids cystein, tyrosine and 
leucine. The lens is also rich in potassium but poor in calcium and there is a 
sulphydryl compound usually identified with glutathione. In cataract 
formation, striae and fluid vacuoles develop and the lens fibres become 
opaque, the proteins diminish, the calcium increases and the potassium 
almost disappears. The sodium and chlorine, and later the cholesterol, 
increase. When the cataract is mature the lens has lost its glutathione. 
Sudden changes in the blood sugar, in diabetes, produce changes in refraction 
of the lens, and it is well known that cataract may develop in connection 
with diabetes. Bucklers (1939) observed a star-shaped cataract in a man 
of fifty at the beginning of treatment for diabetes. It regressed in a few 
weeks and at the same time transitory hyperopia appeared. Both were 
attributed to an excessive intake of water by the lens. 

Probably the first change in the origin of cataract is in the permea- 
bility of the lens capsule (envelope). It is normally permeable to 
water, electrolytes, sugar and small colloidal particles, but impermeable 
to glutathione, albumen, globulin and proteins of high molecular 
weight. A decrease in permeability may begin senile cataract; later 
it becomes so permeable that the proteins escape. The opacity which 
d^elops is due to the precipitation of the lens proteins. Increase of 
calcium precipitates a-crystallin in the lens. The cataracts produced 
in rabbits by naphthalene are most like senile cataract in man. Camp- 
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bell (1936) has since stated that excess of sugar, deficiency of vitamins, 
disturbance of the calcium metabolism or loss of cystine from the 
lens are all very likely factors in the causation of cataract. Campbell 
found cataract recessive in rats. 

Szily and Eckstein (1923) showed that lamellar cataract can be produced 
in suckling rats by feeding the mother on a diet deficient in vitamin P and 
fats. Mitchell and Dodge (1935) found that when rats are fed on lactose 
68 per cent of them develop cataract, but starch, maltose, dextrin or sucrose 
produce no such effect. Galactose will also produce cataract in rats and 
rabbits. The calcium content of cataractous eyes was double the normal, 
but there was no increase in the calcium content of the blood or bones. 
Lack of vitamin A has produced cataract in puppies, while lack of B2 (G) 
will produce it in rabbits and rats. It is now known that '‘slimming’’ sub- 
stances, such as naphthalene and dinitrophenol, produce cataract, so that 
their use is dangerous. Josephson et aL (1936) state that a woman exposed 
to naphthalene gave birth to twins, one with no eyes and the other with one 
microphthalmic eye, both without ears and with bony hypertrophy, one 
with enlarged nose. Kusagawa found that in chicks naphthalene not only 
causes cataracts but he claims that the toxic effects were inherited by suc- 
cessive generations. Dinitrophenol produced the same deformities in chicks. 

Tryptophane deficiency causes cataract in rats, as well as vascularization 
of the cornea, alopecia, defective incisors and atrophy of the testis. In acfdi- 
tion to diabetic cataract, there is a form associated with tetany and a third 
connected with myotonic dystrophy, atopic eczema, riboflavin deficiency, 
etc. Nachtsheim and Giirich (1939) describe a hereditary juvenile cataract 
(in both eyes) in rabbits, which is a simple Mendelian recessive. The vitality 
is not decreased. Turbidity in the lens is visible with the eye mirror and 
slit lamp in the third week after birth. Lamellar cloudiness begins in six to 
eight weeks and is soon followed by clouding of the centre of the lens. It 
finally becomes visible to the naked eye and occupies nearly the whole lens, 
but new layers added to the lens by apposition are free from turbidity. In 
some cases the cataract develops much more slowly , requiring a year or more. 
Smith and Barrentine (1943) describe a dominant complete bilateral 
cataract developing in a strain of rats a few days after birth. 

In man, many different types of cataract are known and named, 
depending on the pattern of the turbidity and the time of its develop- 
ment, such as C. senilis, praesenilis, coronaria, diffusa posterior prae- 
sen^is and punctata, zonularis, cpralliformis, stellata, nuclearis pulver- 
ulenta, totalis congenita. Their specificity in development and inherit^ 
ance is remarkable, and Vogt claims to be able to distinguish dozens 
of different types, each characteristic of a family; but in many families 
the development is rapid and very similar. In some types of cataract 
crystals develop and these may be composed of cholesterin, tyrosine, 
leucine, calcium sulphate or calcium pxalate. Router (1926) described, 
a family with ten cases of dominant spiess, (spear) cataract,, in; fou 
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generations. Masses of needle-like crystals (partly cholesterin) appear 
in the lens. 

As regards age of development, Tatham (1890) described a remark- 
able family in which the senile type of cataract developed at three 
to five years. The pedigree contained 1 1 cases (6 cf 5 9 ) in four genera- 
tions and was strictly dominant, appearing in both eyes, the earliest 
cataract beginning in one eye at seven months. Another striking 
pedigree is that of the Coppock family near Oxford (Nettleship and 
Ogilvie, 1906). There are six generations of descendants from John 
Coppock, born in 1774, and in the last four generations 18 cases 
(90’ 9 9) of a peculiar form of cataract which is strictly dominant. 
It is very partial and circumscribed, sometimes so slight that the 
patient is unaware of any imperfection. The opacity is in the form 
of a sharply defined circular disc deep in the lens. It is stationary and 
may be seen as early as ten years or as late as eighty-two. The family 
is of high intelligence. 

Stieren (1907) described an early case of recessive sex-linked cataract. 
In three generations fifteen males were affected. They were born blind, 
none of them married and nearly all died in infancy. In addition, 
five other boys and two girls died young, so it would appear that this 
cataract was associated with a sublethal effect. 

Harman (1909) published a pedigree of dominant cataract with 
nineteen cases in five generations, and later (1910) summarized all 
the earlier literature, classifying cataracts as lamellar, axial, stellate 
or polar according to the position and character of the turbid area. 

Danforth (1914) described the work of von Szily in mating a cataractous 
male rabbit with a normal female and finding cataract in the rabbit embryos. 
It was traced to a group of cells in the lens cavity, which proliferate for a 
time and then degenerate, setting up degeneration in the surrounding lens 
tissue. Von Szily also found that in certain chick embryos a fold of the 
amnion was enclosed in the lens cavity, and suggested that this is the prob- 
able origin of the cataract. Since it is known that the lens of the eye is 
produced under the stimulus of the optic cup, any aberration in the stimulus 
might cause a defective lens. 

In Danforth’s human pedigree (Fig. 73) the condition appears 
uniform as lamellar cataract together with defective retina, and is 
dominant, with 9 cases (4 cf 5 9 ) in three generations. The original 
mother was normal, so the condition appears to hat^e originated de 
novo. The original father had several children, all normal, by a first 
wife, while his second wife, who was also normal, had one cataractous 
child from which the descent arises. If the condition originated with 
the father it must have been only in his later germ cells. Nystagmus 
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and slight mental deficiency were also noticed in this family. The 
condition might have been recessive, carried by I. 2 and I. 3. But 
the large number of affected children m generation IV is not accounted 
for unless III. 10 is a carrier. Danforth points out a tendency for 
abnormalities to accumulate in a pedigree through the intermarriage 
of those having different defects. In some cases this tends to the 
ultimate elimination of the defective stock. 
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73 • Pedigree of dominant cataract. 
(After Danforth) 


Garfunkel (1926), in a study of senile cataract, points out that it 
can be traced back to the eighteenth century, but a man may transmit 
it and die too young to show it himself. The pedigrees of twenty- 
nine patients were investigated. In twelve of them the condition 
accumulated in the pedigree, and the inheritance was dominant; 
while in seventeen only single cases occurred, and the condition was 
either recessive, mutational or induced. Thus the controversy as 
to whether cataract was dominant or recessive is settled by both types 
of inheritance occurring in different pedigrees. Only persons reaching 
sixty years of age are entered in the pedigrees. In the 12 families 
there were no members over sixty years of age. Of these 49 were 
cataractous and 61 free. Adding to the former 8 others under sixty, 
we have a total of 57 : 61, which agrees with a ratio of i : i. It is 
found that cataractous families in general reach older age than normal 
families. Khan (1926) gives a short pedigree of dominant lamellar 
cataract in three generations. 

Halbertsma (1928) described two pedigrees of juvenile cataract. In one, 
forty-nine members of a family in three generations had cataract, the prin- 
cipal types being cataracta coerulea punctata anterior and posterior peri- 
nuclear zonular cataract. In another family near Delft there were ninety- 
five persons in the pedigree, and the inheritance was clearly dominant. In 
one family in the fourth generation of this pedigree both parents were 
affected and seven of their nine children. This is in accord with the (3:1) 
expectation where both parents are heterozygous. Another fourth genera- 
tion family with one parent affected had seven children, all affected. This 
is probably not merely the chance departure from a I : I ratio. Manson 
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(1928) gives a pedigree in which congenital lamellar cataract is dominant, 
with seventeen cases in four generations. The same pedigree shows three 
cases of a digital abnormality, the little fingers being bent outward at the 
lower joint. The eye colors of the members of this pedigree were also ex- 
amined. Of the cataractous, 7 had brown eyes, 2 gray with brown around 
the pupil, 4 gray = 9:4. Of the 12 with normal lenses, 3 had brown eyes, 
2 gray with brown around the pupil, and 7 gray (including i light blue) = 
5 : 7. Hence there was probably no linkage between cataract and eye color. 

Huber’s (1935) pedigree of senile cataract is from the isolated village 
of Elm in Switzerland where there has been much inbreeding. There 
were 16 cases (lOcf* 6 9) in three generations and the inheritance is 
either recessive or a dominant of low penetrance, the sibships number- 
ing 16 affected: 25 normal. Two in the last generation show myotonic 
dystrophy (g.z^.). Lamellar cataract occurred as a dominant in 5 genera- 
tions (Galloway, 1930) with 21 cases (Scf 13 9) and no skip, the sib- 
ships showing 20 with cataract : 18 normal. 

Hornbach and de Garis (1933) published an extensive pedigree of 
cataract with 34 cases (16 cT 18 9) in five generations. It began with 
a cousin marriage, but this had no effect on the inheritance, which was 
dominant and transmitted only by the affected cousin. Operations 
for cataract were performed from ages seven to sixty years, the mean 
age being 25.9 years. Omitting the last generation, many of whom 
were young, the sibships number 30 affected : 35 normal, thus showing 
that a single dominant gene is involved. There were two skips, or 
failures of penetrance, in the third generation, but these two men trans- 
mitted the condition just as strongly as those who developed cataract. 

Halbertsma (1934) published a pedigree of dominant congenital 
cataract with 12 cases (10 cT 2 9 ) in four generations. Two cataractous 
brothers had also heterochromia iridis (Fuchs’ congenital form). 
Hoffmans (1936) recorded 8 cases (Scf 3 9) in three generations, the 
onset of cataract at about twenty years of age. In dominant cataract 
the sex-ratio is about 3 cf’ : 2 9 . 

There were two peculiar pedigrees in Harman’s (1910) collection. One 
is Dyer’s ca.se, 1846, in which six males only were affected in four genera- 
tions. This might be interpreted as male-to-male inheritance through the 
Y-chromosome, but as there were only three female sibs in the pedigree and 
none of them had children the evidence for this interpretation is not very 
strong. The other is Galezowski’s case, 1882, in which there were seven 
affected, all females, in four generations. This may be a case of attached 

X-chromosomes (XX) as the transmission is only female-to-female. But it 
might be only the chance result of an ordinary dominant gene, as there are 
but two male sibs in the pedigree. 
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Bucklers (1932) published two Ccises of probably recessive cataract 
of a new form in which consanguinity was involved. The pulverulenta 
type (Vogt) was surrounded by fibre-like structures. 

Macklin (1927) states that 13 per cent of the pupils in blind schools 
are blind through cataract. They should obviously not have children, 
especially in lines of descent in which the disease is dominant. She 
cites many pedigrees from the literature, including coralliform cataract 
by Fisher and by Nettleship, presenile cataract by Davenport and by 
Nettleship, lamellar by Nettleship, posterior polar by Ziegler and 
Griscom, zonular by Derby, discoid or Coppock cataract by Nettle- 
ship, Chance, Dorell, senile cataract by Green, Nettleship, Dickey, 
Brown. In all cases it is a Mendelian dominant with the type fairly 
constant in each pedigree. A pedigree of Nettleship showed two skips, 
but these might have developed cataract in their old age. 

Keeler (1934) pointed out the need for examining the inheritance 
of all inmates of blind schools. Their blindness results in many cases 
from cataract or opttic atrophy. He showed that in five pedigrees of 
dominant congenital cataract, five blind progenitors produced a total 
of sixty-eight congenitally blind descendants in three or four genera- 
tions. He suggested that the blind should themselves propose laws 
to prevent the reproduction of hereditary blindness, but surely this 
is a matter of sufficient urgency for intervention by the State. 

In all hereditary eye diseases (and others as well) many single cases 
are observed (with normal relatives and ancestors) for each one with 
a family history. Usher (1933) discusses the origin of such cases and 
favors the view that they are recessive Mendelian outcrops. In the 
case of such strongly dominant conditions as cataract some must be 
gene mutations. Figure 74, from Usher, may represent such a case. 



Fig. 74. Probable origin of cataract by mutation. Many other normal ancestors were 
omitted. (Modified after Usher) 

Manson (1912) described a pedigree of lamellar cataract with thirteen 
cases in four generations transmitted through affected females. The 
first case was a female with normal relatives, who may have been a 
mutation. 
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Anticipation has often been discussed in connection with cataract. 
In view of the evidence for its possible existence in certain other 
disecises, I agree with the statement of Nettleship (1909). He said, 
“It appears to me that the subject of anticipation deserves much more 
attention than it has received in relation to theories of heredity and 
the origin and extinction of heritable conditions.” Vinsonhaler and 
Cosgrove (1936) describe senile and pre-senile cataract in a family 
with 22 cases (10 o’ 129) in six generations. The inheritance is 
dominant, without a skip, and the sibships number 19 affected : 
17 normal. The anticipation in this family can hardly be ascribed 
to chance. In the second generation, cataract developed at seventy, 
and in each succeeding generation the age of onset decreased one 
decade. The sixth generation shows lenticular opacities at twenty- 
seven years. If this continues, the tenth or eleventh generation should 
have congenital cataract. > 

Vogt (1938), a great authority on cataract, finds the many forms 
very specific. Spear cataract, previously unknown, was found by him, 
inherited as a dominant in the canton of Neuchatel. C. centralis 
pulverulenta is in the centre of the lens, C. congenita nuclearis, sharply 
distinguished from all others, is found in a single family in Zurich. 
Other stationary types are C. pisciformis and anterior axial embryonal 
cataract. Senile cataracts, which are much more frequent, also occur 
in a variety of inherited forms; coronaria, radial, cuneiform, lamellar 
fissure, nuclear, and total sclerosis with subcapsular cataract. Unlike 
congenital cataracts, the senile ones are progressive, the rate varying 
greatly in different types. Their inheritance is shown by the study of 
senile identical twins. Lutman and Neel (1945) describe a pedigree in 
which different types of cataract occur in the descendants of one per- 
son. Enriques’ (1922) pedigree of senile cataract is believed hologynic. 

Kugelberg (1934) points out that the skin diseases scleroderma and 
neurodermatitis are so often described with cataract that there must 
be some connection between them. Cataract has also been described 
with other rare skin diseases. He cites a recessive pedigree with eight 
cases in two generations from related parents, six of them showing 
lx)th scleroderma and cataract, one cataract only and one scleroderma 
only. Both these skin diseases are often of endocrine origin, especially 
from the thyroid and sex glands, so the same hereditary disposition 
may account for both the skin and eye conditions. The type of cataract 
with both skin diseases is very similar and different from other typ)es, 
so it is called c. syndermatotica. Werner (1928) cites a Finnish family 
in which the father had cataract and curly hair, the mother good eyes 
and straight hair. Three sons are like their father, two sons and three 
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daughters like their mother in these two characters. This dominant 
cataract is therefore probably linked with the gene for curly hair, 
which appears to be recessive. Five others in the pedigree had only 
curly hair. 

In connection with a severe epidemic of rubella (German measles) 
in Australia, Gregg (Swan et aL 1943) reported 78 cases of cataract 
of peculiar type in the child, when the mother had rubella in the first 
three months of pregnancy. The cataract was of dense nuclear type, 
generally bilateral. Many of the babies were small, 44 had congenital 
heart lesions. Some also showed microphthalmia, microcephaly and 
deaf mutism. The virus evidently penetrated the placenta and pro- 
duced the lesions in the embryonic tissues. Greenthal (1945) reports 
two such cases in the United States. In one the infant was congenitally 
deaf. The other infant had congenital cataract with mental retardation 
and probably a heart malformation. For later papers see Lancet 
249 : 19.1945. Long and Danielson (1945) report six more cases. 
Three babies had bilateral cataract associated with bilateral microph- 
thalmia, three had lesions of the fundus and all had cardiac defects. 

HIppel (1930) bred together two .shepherd dogs blind from cataract. 
From various matings sixteen dogs with cataract were obtained, the dom- 
inance being perhaps incomplete, and the embryological development of 
this congenital cataract was studied. The lens was at first normal but later 
became most cloudy in the middle. It is lamellar, but not sharply delimited 
as in men. The first pathological changes take place in the capsule but it is 
different from capsular cataract in man. Bourne and Griineberg (1939) 
describe cataract in rats associated with retinal degeneration. In this muta- 
tion, traces of the hyaloid artery, which normally disappears in develop- 
ment after forming a network on the posterior capsule of the lens, remain. 
A stippling of opaque dots near the posterior pole of the lens may be followed 
by complete opacity. In some rats homozygous for this recessive gene, in- 
stead of cataract the epithelium at the back of the lens undergoes changes 
so that ophthalmological examination shows yellow, green, blue and finally 
‘‘shagreen’’ reflections. A number of homozygotes are “normal overlaps,’’ 
showing neither cataract nor shagreen nor a persistent hyaloid. These, how- 
ever, retain a characteristic degeneration of the retina which is regarded as 
the primary genic effect. This primary effect is perfectly inherited whereas 
the other effects are irregular in occurrence. In a histological study of this 
strain, Bourne, Campbell and Tansley (1938) found that the retina develops 
normally for seventeen days. Then disintegration of the rods takes place, 
then the cones, next the outer nuclear layer, followed by the inner nuclear 
layer and finally by cataract. They regard the course of events as support- 
ing the view that retinitis pigmentosa is primarily a degeneration of the 
neuro-epithelium rather than a disease of the choroidal vessels. 

Detlefsen and Yapp (1920) described a case of congenital cataract in 
cattle, which behaves as a simple recessive. A registered Holstein-Friesian 
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bull inbred with his own stock gave a number of cataractous offspring. 
There is no record of cataract in any of the ascendants. To unrelated cows 
this bull produced only normal calves. But thirty-two Fi daughters mated 
to an Fi son gave sixty-three calves, fifty-five of which were normal and 
eight had congenital cataract of the stellate type. An apparently identical 
recessive defect is described in Jersey cattle by Gregory, Mead and Regan 
(1943). The cataract is congenital, at first perinuclear, with opaque lens 
and impaired vision. The eyes may also be reduced in size, the cornea is 
often distended and the lens more or less displaced. 

Persistent hyaloid artery is a rare condition in the human eye. This 
artery grows in from the optic nerve end, through the vitreous to the 
lens during development. Fragments of it may persist on the posterior 
wall of the lens. Ivanov (1928) found this condition bilateral in a 
father, two sons and two daughters, unilateral in another daughter. 
It appears to be this structure, greatly developed, which forms the 
pecten in the fundus of birds and reptiles (see Wood, 1917). 

Many inherited abnormalities of the retina are known. Mann 
(1935) describes the embryological origin of congenital retinal fold 
(ablatio falciformis) from six cases with eight affected eyes. Weve 
(1935) found the condition in fourteen eyes of eight patients belonging 
to four families. It occurs in different grades, the bilateral cases being 
symmetrical, accompanied by nystagmus, very good sight and fre- 
quently convergent strabismus. The inheritance is probably recessive. 

Choroideremia or absence of the choroid is very rare. It was described 
by Mauthner in 1872. It produces a form of night-blindness. Usher 
(1935b) found twenty-two cases reported, all but one in males and all 
single cases, except three families in each of which there were two 
affected brothers. In some families with choroideremia other forms 
of night-blindness are present, others are accompanied by retinitis 
pigmentosa. A pedigree of choroidal atrophy with pigmentary degen- 
eration of the retina shows dominant inheritance with ,13 cases (7 cf’ 6 9 ) 
in three geherations. Niccol (1938) described a brother and sister 
with gross bilateral defects of the choroid at the macula. The vision 
was good and intelligence normal. The parents were unrelated but 
in the mother's eyes the macula was stippled with light yellow specks 
like gold-dust. Verhoeff (1942) concludes that most cases of ''choroid- 
eremia" are really examples of retinitis pigmentosa in which the 
choroid is not absent but hidden by widespread gliosis (overgrowth) 
of the degenerating neuroepithelial layer of the retina. Goedblad 
(1942) finds that in choroideremia, the fundus (except the optic disc 
and macula) is grayish or greenish white, due to absence of the pig- 
ment layer of retina and choroid. He found only thirty-four cases 
recorded. He regards the condition as sex-linked, heterozygous females 
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having a “pepper anci salt” appearance of the fundus. Waardenburg 
(1942) recognizes two types, both in the X-chromosome : (i) is infantile 
and recessive, (2) is juvenile, less extreme, and intermediate to 
dominant. 

Franceschetti and Klein (1941) traced a family through fifteen 
generations from Ludwig Glaser, born in 1510, with many cases of 
Friedreich’s ataxia, degeneration of the macula, labyrinthine hardness 
of hearing, schizophrenia, imbecility and epilepsy in later generations, 
all cis recessive conditions except hardness of hearing, which is domi- 
nant. They suggest that in this pedigree hereditary ataxia and macular 
degeneration may be regarded as alternative phenotypes. The other 
pedigree traces back to a single couple in the fourteenth generation. 
Recent generations show 21 cases of Fr. ataxia, 4 of macula degenera- 
tion and 8 of dominant labyrinthine hardness of hearing. One family 
had six cases of recessive cerebellar ataxia in the third and fourth gen- 
erations and two cases of retinitis pigmentosa in the fifth. 

Wright (1935) described a family of Portuguese-Indian descent, 
the parents unrelated, in which three sons showed macula degeneration 
beginning after the eighth year. A daughter eight years old was normal. 
The sons had long, extremely narrow and high heads (cephalic index 62, 
66, 77), but they were not oxycephalic. The eldest became mentally 
defective. Macular degeneration may be congenital, infantile, early 
or late juvenile, senile or presenile in different families. Stargardt 
in 1909 described progressive degeneration of the macula in two families 
and afterward in two others. In all these it was recessive. Behr in 
1920 described a family with 17 cases (ScT 12 9) in four generations, 
of juvenile macula degeneration, the first case of dominance. Hal- 
bertsma in 1927 recorded a Dutch family with sex-linked recessive 
macular degeneration, 7 cases (cf) In four generations. This family 
also had six cases of sex-linked color-blindness, all in males who were 
free from the other defect. There is, thus complete repulsion between 
these two genes, each in an X-chromosome. Degeneration of the 
macula is thus generally recessive, but occasionally dominant or 
sex-linked, 

Klainguti, (1932) recorded a Swiss form of macula degeneration 
known as malattia Leventinese, most like the Tay form. He gives three 
pedigrees in which it was present in two successive generations and 
thinks that tvvo linked genes are involved. In one family two brothers 
married two sisters and seven of the nine children were affect^. It 
is not congenital, but homochronous in development. Huber (1943) 
records it in three sisters, over thirty years old, in a sibship pf seven* 
In this (arnily it is probably- reqe^iye.. 
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Absence of the macula together with albinism of the eye was reported 
by Vogt (1925) in two families as a sex-linked recessive. One family 
had eight cases (all males) in three generations, the other fourteen 
cases in five generations. The fundus was more or less albinotic and 
the iris might be blue or brown but was relatively transparent. Astig- 
matism is also present in every case. In a third pedigree, nystagmus 
with myopia and weak sight is a dominant condition with 9 cases 
(5 o’ 4 9 ) in four generations. Vogt cites other cases in which absence 
of the macula is linked with aniridia. 

Atrophia gyrata choroideae et retinae was discovered by Fuchs in 
1896. The condition resembles retinitis pigmentosa. There is pro- 
gressive atrophy of the choroid with pigmentary degeneration. The 
fundus becomes yellowish-white, the sight dim, with night-blindness. 
Werkle (1931) found a family with 13 cases (7 c? 6 9 ) in three genera- 
tions, dominant. Waardenburg (1932) describes a sex-linked recessive 
pedigree with ten affected males in three generations. Usher found 
fourteen published pedigrees of this rare condition with 26 cases 
(15 o’ II 9). Its onset is earlier than choroideremia and all but one 
were night blind. The inheritance is also recessive and consanguinity 
of the parents is mentioned in five families. Retinitis pigmentosa 
was also present in two pedigrees and choroideremia in two. Gyrate 
atrophy is in some respects like an early stage of choroideremia. One 
case showed the latter condition in the left eye and the former in the 
right. That they are genically independent is shown by the fact that 
one is dominant, the other recessive, and there is a great excess of 
males with choroideremia. In retinitis punctata albescens white 
dots appear around the macula. This is the rarest form of retinitis 
pigmentosa. 

Reddish gray nodules with a mother-of-pearl sheen lying at the end 
(papille) of the optic nerve were described by Braun (1935) in two 
families, (i) a mother and two children, (2) a nephew and two uncles, 
indicating that it is a conditioned dominant. 

Another rare condition is the presence in the retina of opaque white 
medullated nerve fibres. This is normal in the Leporidae and in some 
Marsupials. In the rabbit they form a transverse band across the 
retina. The occurrence of this condition in man is therefore essentially 
atavistic. Cockayne (1936) estimates that the incidence cannot be 
lower than about i in 1800 in Europe or i in 1500 in Japan. His 
pedigree (Fig. 75) shows 10 cases (ScT 5 9) in two generations. The 
pedigree of Kiso contained six cases in two generations. It is as yet 
impossible to determine whether the inheritance is that of a sex- 
linked dominant or a simple dominant. Kiso’s pedigree is more like 
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that of a sex-linked recessive with variable dominance in the female 
(as in color-blindness). Catsch (1939) studied sixty cases and found 
an accumulation of abnormalities, nervous and psychological, in 
forty-five of them. They usually go to the nerve specialist before they 
reach the eye specialist. Catsch finds the manifestations very variable 
and thinks the condition probably polymeric, a dominant with low 
penetrance, less frequent in females. Further evidence is required. 

I 

II 

III 

IV 

Fig. 75 . Pedigree of papilla leporina. (After Cockayne) 

Cerebral degeneration with symmetrical changes in the maculae 
was described in two sisters, seven and ten years old, by Batten (1903). 
There was a reddish-black spot at the macula accompanied by mental 
degeneration. R. D. Batten reported two brothers, the younger 
fourteen, with dark pigmentary changes at the macula but no mental 
defect. They never deteriorated, but each had a central scotoma 
(blind spot in the retina). Mayou (1904) reported three sibs, a boy 
of ten and two girls, in the same condition with a reddish-black spot. 
The intellect began to deteriorate at six years. The parents were 
first cousins and the mutation is evidently recessive. Many other 
cases of cerebro-macular degeneration have been described since. 
Most of these conditions will be considered in Chap. XXIII. Behr 
described a family with dominant juvenile macular degeneration in 
1920 — 16 cases (ScT II 9) in four generations; and the recessive 
sex-linked form was discovered by Halbertsma in 1927 — eleven males 
in four generations. Yet other forms occur in families, with onset 
at different ages from infancy to old age and variations in the type of 
macular alteration, some of which are illustrated in color by Waarden- 
burg (1932). He later (1936) found hereditary senile degeneration of 
the macula in three families. Blue (1919) described it in father and 
son and cites nine other families with affected sibships and normal 
parents. Steyn (1926) described familial juvenile macular degenera- 
tion, and Wright (1935) cited a family in which defective sight appeared 
in three brothers at ages nine to eleven, associated with progressive 
mental degeneration and dolichocephaly. A sister and the parents 
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were normal but showed concentric depression of the fields. Two 
early families of amaurosis or hereditary blindness without visible 
ocular defect were recorded by Sedgwick (1863). In the first the 
condition was confined to four females who go blind before middle 
age, the descent direct in three generations. In the second it was 
restricted to males, with six cases in two generations, a normal father 
with a blind brother having five blind sons and three normal daughters. 

Angioid streaks in the fundus {retina) is a rare condition of retinal 
degeneration. Beginning in 1914, several cases of bilaterally affected 
sibs were described. Morgan and Batten (1930) gave an account 
of two brothers and a sister with both fundi showing streaks in the 
retina. It is a condition of vascular weakness in the eye, leading to 
hemorrhage and sudden failure of sight, in these cases at ca, forty. 
Then it was described in association with the rare skin disease, pseu- 
doxanthoma elasticum, by Gronblad. Hartung (1932) found this 
association in two brothers, the parents being second cousins. Five 
families are now known of angioid streaks alone and five of pseudo- 
xanthoma elasticum alone. They are all recessive. Hagedoorn (1939) 
reported a case of the two conditions combined, making a detailed 
histological study. Ebert (1943) agrees that angioid streaks and pseu- 
doxanthoma elasticum constitute a syndrome in which the elastic 
tissue of the skin, certain parts of the eye and certain arteries arc 
affected. In a family recently observed by Dr. Cogan at the Massa- 
chusetts Eye and Ear Infirmary, three adult sons of normal parents 
had angioid streaks, one of them without symptoms. 

Retinal detachment may result from an injury but can also arise 
through inheritance, being secondary to other conditions. According 
to Macklin (19270) it can be dominant, recessive or sex-linked. Later 
papers are given by Waardenburg (1932). 

Angiomatosis retinae (Lindau’s disease) is a rare condition discovered 
by von Hippel in 1904. The retinal vessels give way in connection with 
angioma formation in the retina, producing subretinal hemorrhage. 
Treacher Collins had found it in a man and his sister. It was later 
observed in two sisters, in two brothers, in a brother and sister, in 
two brothers. Lindau (1930) finds this form of retinal tumor to be 
familial in 20 per cent of cases. lies (1939) recorded seven cases in one 
sibship. 

Collier (1931) described four sisters: (i) had capillary angioma of the 
cerebellum with hypernephroma of the kidney, (2) had capillary angioma of 
the medulla and hypernephroma, (3) had Friedreich’s ataxia, (4) had 
migraine. There were no eye tumors, but two had brain tumors. Usher 
(1935b) found 1 19 cases of angiomatosis retinae in the literature, but few 
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were familial. Eight pedigrees contain two or more cases and in five others 
there was cerebellar tumor, which he regards as an alternative manifestation. 
An essential feature of angiomatosis retinae is growth of the capillaries in 
the medulla. The method of inheritance is still uncertain but appears to be 
recessive in some families and irregular dominant in others. Vogt and Meyer 
(1937) give two pedigrees in which it is irregularly dominant. Cases may 
remain stationary or improve occasionally. Brain, Greenfield and North- 
field (1943) describe a family having Lindau’s disease without a cerebellar 
tumor. There were 5 cases (40^ i 9 ) in four generations, an irregular dom- 
inant with two skips. The female case had hemangioblastoma in both ret- 
inae and in the spinal cord, as well as other abnormalities. Retinitis exsu- 
dativa of Coats is a related condition, according to Junius (1934), both being 
parts of a status varicosus. 

Retinitis circinata is a rare form of retinal inflammation in which 
brilliant white spots are found in a wreath-like pattern around the 
macula. It is almost confined to old women of sixty to eighty-two. 
Pollnow (1933), however, cites a case at thirty-eight and another at 
twenty years. He described the condition in two aged sisters. The 
inheritance appears to be recessive. 

The diseases of Bourneville, Recklinghausen and Hippel-Lindau 
are three related congenital hereditary syndromes. Their main symp- 
tom is spots (naevi), tumefactions and cysts with other congenital 
malformations in various parts of the body, especially the nervous 
system. Bourneville’s tuberose sclerosis of the brain shows tumors 
of the retina and optic disc. Similar tumors occur in connection with 
Recklinghausen’s neurofibromatosis. Von Hippel-Lindau disease is 
angiomatosis retinae et cerebelli. Van der Hoeve (1932) puts the 
three together as phakomatoses or tumor formations, since all may 
show tumors in the retina and Recklinghausen’s disease may also 
show very small ones in the retina. A fourth, the Sturge-Weber 
syndrome, is added by Brouwer, Hoeve and Mahoney (1937). Besides 
naevi and retinal tumors this has telangiectases, buphthalmos and 
especially calcification in the cerebrum. A girl of twenty with a small 
retinal tumor had five sibs with Bourneville disease. She married 
and had six children, three with tumors in the retina and one with 
epileptic fits. For glioma retinae see Chap. XXVI on cancer. 

Retinitis pigmentosa 

This retinal disease is also inherited in dominant, recessive or reces- 
sive sex-linked pedigrees. The name was first used by Donders in 1857, 
the disease being discovered when observations of the fundus began 
after the invention of the ophthalmoscope in the middle of the nine- 
teenth century. Degeneration begins near the equator of the eye, with 
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deposits of pigment in the retina in spidery figures often anterior to 
blood vessels. / According to Levy-Wolff (1940) the body temperature 
is also lowerearbut Dax (1940) and others have found hyperthermia 
present in several cases. Levy-Wolff also finds cholesterinemia present, 
which affects the walls of the intra-ocular blood vessels before changes 
occur in the retinal vessels.J^“Bone corpuscles” are formed as a part of 
this malignant sclerotic Vciscular process, which is restricted to the 
brain and sense organs ^iid which he believes to be centrally actuated 
in the hypothalamus. Retinitis pigmentosa is a developmental defect, 
usually accompanied by night-blindness. The most elaborate study 
is that of Julia Bell (1922). 

f^ettleship (1909) included as allied conditions retinitis pigmentosa 
sinVpigmento (described by Leber in 1871), retinitis punctata albes- 
cens, gyrate atrophy of the choroid and retina, choroideremia and 
two types of congenital stationary night-blindness.^ Retinitis pig- 
mentosa is characterised by its progressive nature, leading to blindness, 
and by its contracted vision, causing the patient to peer around. Its 
onset is usually before twenty, and it may even be congenital. Pigment 
is deposited along the blood vessels, and blindness frequently super- 
venes before forty. In certain pedigrees it is congenital, in others 
invariably late, still others show a very rapid course. It is uncertain 
whether the progressive degeneration leading to blindness arises in 
the layer of the choroid which is responsible for nutrition of the retina, 
in the rod and cone layer of the retina itself, or in the retinal blood 
vessels along which pigment develops. 

, Many pedigrees of retinitis pigmentosa are free from other defects. 
DrrBell states that out of a total of 919 individuals, 656 taken from 
329 sibships have no other defect noted. In 96 cases it was associated 
with deafness or deaf-mutism. These may be aspects of a common 
cause, or the association may be due to separate linked factors. A 
similar relation between retinitis and glaucoma is suggested by the 
occurrence of eleven cases of glaucoma with retinitis pigmentosa and 
two,.,cases of glaucoma alone in siblings,^ 

The Laurence-Moon-Biedl syndrome, in which retinitis pigmentosa, 
pol^actyly and hypogenitalism are present, is discussed in Chap. 
Xyill, on syndrom^pi 

'Snell’s (1903) valuable pedigree (Fig. 76) shows 29 cases (13 cf 16 9 ) 
in five generations, the sibships 27 affected : 17 normal (not a statis- 
tically significant departure from equality). Haldane (1938) has given 
reasons for thinking that this may be a case of partial sex-linkage; 
This is discussed in the chapter on linkage (p. 76). In Holland, von 
Wibaut (1931) assumed that there were several recessive forms of 
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Iretinitis pigmentosa, each with a separate gene, the condition being 
'bsually recessive when associated abnormalities are present; but in 
two-thirds of the cases there are no associated abnormalities. Nettle- 
ship found thpit 4 per cent of the deaf or deaf-mutes had retinitis 
pigmentosa. (Panse (1937) believes that the pathological gene comes 



Fig. 76. Dominant pedigree of retinitis pigmentosa, probably showing partial sex- 
linkage. (After Snell) 


into action in the rudimentary diencephalon at a very early stage of 
development. Dax (1940) investigated eleven cases, tracing 385 
relatives in ten pedigrees. Nearly all were single cases, all apparently 
recessive. All had gray or blue-gray iris, except one with hetero- 
chromia iridis. The associated abnormalities are discussed and the 
conditions interpreted in terms of varying degrees of degeneration of 
thp nervous system. 

(Wibaut recognized nine different forms of retinitis pigmentosa. 
He found 26 pedigrees dominant, with 1480' and 149 9 affected. The 
recessive pedigrees were 264 with 3^7 0^ 235 9 affected. As no 

marriage between recessives has been recorded, it is uncertain how 
many different recessive genes may exist. In many families it is 
uncertain whether the condition is recessive or partially dominant. 
In recessive pedigrees there is an excess of affected males (57.5 per 
cent). Deafness is present in 22 per cent of the pedigrees and defects 
of the nervous system in 6 per cent. These may represent different 
gene^ 

^ Usher (1930) published two important pedigrees. Pedigree I (in 
Glasgow) contained 243 members in six generations. In this pedigree, 
night-blindness, which is congenital or develops in childhood, is an 
early stage of retinitis pigmentosa which appears gradually in middle 
life and seldom produces total blindness even in old age. The affected 
were 20 o' 179, sibships 35 affected ; 47 normal. The excess of normals 
is probably due to a higher death-rate of the affected. The inheritance 
is strictly dominant with no skip. Absence of sex-linkage is indicated 
by transmission to grandchild of same sex, 16 ; opposite sex, 20. 
Pedigree II, also from Scotland, is an extension of Mine’s case. It 
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now shows seven generations with i8 cases (lOc? 8 9) in the first 
five generations, the sibships numbering 17 affected : 32 normal. The 
inheritance is dominant but shows four skips, in one case for two 
successive generations. Otosclerosis was present in one branch of the 
family, with fourteen cases in three generations, four of them having 
retinitis pigmentosa as well. This pedigree dates from a man born 
in E. Lothian in 1734. The onset of night-blindness is late and several 
end in blindness. Usher suggests that otosclerosis may be a substitute 
or equivalent of retinitis pigmentosa in this family, but this is unlikely 
as four persons have both and they are independently inherited in 
other families. 

McQuarrie (1935) collected in Liverpool two extensive pedigrees of 
hereditary blindness. One has been variously diagnosed as optic atrophy, 
retinitis pigmentosa and degeneration of the macula. There were 36 cases 
(190? 179) in four generations, the sibships 35 affected: 25 normal, in- 
heritance strictly dominant. Pigmentation of the macula, beginning under 
ten years of age, was followed by its atrophy and in many the optic nerve 
atrophied as well. There was no night-blindness nor mental defect, but the 
cases ended in blindness, some showing pigmentation of the retina. The 
other family shows ordinary retinitis pigmentosa, 21 cases in five genera- 
tions numbering 152 persons. The onset varies from twelve to twenty-five 
years, and there are no associated defects. It is recessive sex-linked except 
for one heterozygous female who died blind, but the cause was unknown. 
She may have been a case of varying dominance. 

Scheurlen (1935) reviewed the 506 cases (3250? 181 9) of retinitis 
pigmentosa seen in the Tubingen eye clinic since 1877. He recognizes 
infantile, juvenile and later-age forms not producing complete blind- 
ness. The form sine pigmento was found in children and young persons 
only, an early stage of the juvenile form. Of retinitis punctata albescens 
there were only 9 cases. Of 29 published pedigrees, 27 were recessive 
(see Fig. 77) and only 2 dominant. The 56 sibships treated statis- 
tically indicate that a single recessive gene is present. In one recessive 
pedigree there were affected members in generations I, VI, VIII, IX 
and X, always from normal parents; in another, generations II, VII, 
IX and XI showed cases. Of 94 probands, 72 had no children. Neame 
(1945) records the condition in two sisters and a brother. The fundi 
were albinotic, with a stippled appearance, and two of them were 
night-blind. The normal parents were first cousins. In comment, 
Mr. O. G. Morgan recorded the same condition in three sisters, two 
of whorn were night-blind. The parents were normal and unrelated, 
but the mother had an affected brother. Scheurlen concluded that 
the frequency of retinitis pigmentosa in the population has not changed 
in the last fifty years and that the recessive gene is uniformly dis- 
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tributed in the population. Obviously those transmitting this very 
serious defect should not have children, but owing to the frequently 
late onset of symptoms the damage is often done before it is known 
that the parents are carrying the gene. 



Fig. 77. Recessive pedigree of retinitis pigmentosa. (After Scheurlen) 


Allan (1937) finds that when the gene is dominant those affected 
are only half-blind, night-blind or “moon-eyed,” the age of onset 
being twenty-five to forty years and rarely progressing to blindness 
even after sixty. When a sex-linked recessive, the age of onset is 
in the second or third decade and complete blindness supervenes at 
forty to fifty. When simple recessive the sight begins to fail in the 
first decade and the child is stone blind before twenty. He finds the 
same law to hold regarding peroneal atrophy. The explanation, as 
he points out, lies in the fact that in the dominant form the affected 
individual is heterozygous, one defective gene being pitted against 
its normal allele. In the sex-linked form this gene is paired against 
the Y-chromosome (generally without the corresponding normal 
gene) ; while in the recessive form two defective genes are reinforcing 
each other and so produce a more severe condition. Allan cites nine 
pedigrees of retinitis pigmentosa, two of them dominant, six recessive 
and one sex-linked. A dominant pedigree has 20 cases (10 c? 10 9) 
in six generations. There are difficulties in any attempt to rationalize 
these relations completely at present. In sex-linked characters such 
as color-blindness, two doses in the female appear to produce the same 
effect as one in the male. 
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A pedigree of Usher (1935b), extended from earlier observations of Nettle 
ship and Bell, contains both retinitis pigmentosa and myopia (Fig. 78). 
The former is sex-linked, with eleven cases in five generations. All the 
affected males except one and the five transmitting females had myopia 
(2-8 diopters). The myopia is thus dominant and linked with the retinal 
defect in the X-chromosome. Usher found 299 published cases of retinitis 
pigmentosa (i74cf 125 9 ). Fifty per cent were also myopic, while among 
400 medical students at Aberdeen 19 per cent were myopes and the general 



Fig. 78. Recessive sex-linked retinitis pigmentosa and 
dominant sex-linked myopia. (After Nettleship, Bell & 
Usher) 


population contained 10 to 15 per cent. In Fig. 78, V. 12, 16, who were half- 
brothers, were totally color blind, their visible spectrum extending only 
from 670-425 mjjL (the red end was shortened). Usher refers to two other 
sex-linked pedigrees, Seggel’s and Frazer’s. Klainguti (1923) found four 
cases of retinitis pigmentosa with total color-blindness in a sibshipof seven, 
the parents related. This means either linkage or a pleiotropic effect. 
Mere association seems less probable. Usher suggested linkage of the genes 
for retinitis pigmentosa and color-blindness. They appear to be in different 
parts of the X-chromosome (see Fig. 23, p. 81). 

Fraser Roberts (1940) pooled the dominant pedigrees of retinitis 
pigmentosa (taken from Haldane, 1936) and found the following re- 
sults: 

Affected Unaffected 

Offspring of same sex as affected paternal grandparent 81 60 

Offspring of opposite sex to affected paternal grandparent 64 83 
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Thus there were 164 non-cross-overs to 124 cross-overs. The chance 
of this deviation from equality is only i in 106, so there is good evidence 
of partial sex-linkag^ It was found that only 40 per cent of the families 
showed sex-linkage, the cross-over value being about 28 per cent. In 
the other families the gene was autosomal. 

Mann (1928) described a family in which ten members in the third genera- 
tion, belonging to three families of cousins, had retinitis pigmentosa and 
two others had Leber’s disease. The parents and grandparents were normal, 
the inheritance recessive for both diseases. Allan and Herndon (1944) 
describe a family with 89 cases of dominant retinitis pigmentosa. An 
affected man married a normal woman belonging to a family which pro- 
duced 22 male idiots in five generations. The idiocy was recessive sex- 
linked. The above marriage produced three sons who were all idiots, one 
having also retinitis pigmentosa. There were three normal daughters and 
seven stillbirths or deaths in infancy. 

Bird (1944) finds that the recessive form of pigmentary degeneration 
of the retina is frequently connected with disturbances of hearing. 
Both develop together. He regards atrophy of the organ of Corti 
and the acoustic nerve as corresponding with retinal degeneration and 
optic nerve atrophy. 

Leber's Disease or Optic Atrophy 

Atrophy may arise in the optic nerve or result from a lesion of the 
retina. Part of the fibres in this nerve continue from the optic disc 
or papille through the retina to the macula lutea. This is the region 
of sharpest vision, and a central scotoma in this area (resulting from 
atrophy of the nerve) produces semi-blindness, while the peripheral 
field may remain functional. Idiopathic or hereditary optic atrophy 
is usually of the type described by Leber (1871). In this paper he 
reported 16 cases in four families. 

Leber’s disease, like several other ocular defects, occurs in dominant, 
recessive and sex-linked forms, but many pedigrees do not fit con- 
sistently any of these types of heredity and require some special 
explanation. The inheritance of Leber’s disease remains one of the 
most puzzling problems in human genetics. Probably the pedigrees 
of over a thousand families have been published. The bulk of them 
appear to show sex-linkage, and simple dominant or recessive pedigrees 
are rare. The large pedigree of Waardenburg (Fig. 79) with 18 cases 
(i6c?29)in four generations is sex-linked, but the condition is partly 
dominant, since two heterozygous females are affected. This shows 
that, as with ordinary dominant and recessive, the line between sex- 
linked dominant and sex-linked recessive is not a sharp one. 
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Waardenburg (1932) has a clear case of recessive congenital optic 
atrophy and another recessive family (Behr type) in which it is com- 
bined with nystagmus and defects of the nervous system. This is 
probably a different gene. Gunn described recessive infantile atrophy 



Fig. 7p. Recessive sex-linked optic atrophy. (After Waardenburg) 


in mother, son and daughter resulting from a cousin marriage. In 
Griscom’s (1921) dominant family, with 14 cases (Sc? 6 9) in three 
generations the condition was congenital or infantile, was always 
inherited through the father and showed one skip. Relatively little 
attention has been paid to the disease in America, but Merritt (1930) 
described a Swiss family with 4 cases (all cT) in two generations. 

Hogben (1932) concluded on statistical grounds that there are two 
forms of Leber’s disease, most European families being recessive sex- 
linked while in the majority of Japanese families two dominant auto- 
somal genes may be involved. A bigenic hypothesis would explain 
the large excess of normals in such pedigrees as Y6’s Chinese family 
(^g. 2, p. 8) in Komai (1934); but it would not explain the large 
excess of affected males. Cases of bigenic inheritance are rarer than 
was' formerly supposed. Lack of penetrance is the more likely explana- 
tion of the excess of normals. 
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Nettleship (1909) found that Leber’s disease could occur in women. 
He also found that two normal parents may have an affected daughter and 
that an abnormal daughter may have normal sons. In the Nettleship 
pedigrees, 12 families from affected 9 X normal c? gave 64 children, 31 
normal: 33 affected (i : i), and of the latter there were 2ic? and 12$. 
Transmitter 9 X normal cf gave 215 children, 150 normal: 65 affected. 

Macklin (19270) cites a pedigree of Worton in which he claims that 
the transmission is not according to the “law of Nasse” (see Chap. 
XIV) but according to that of Lossen, i.e., that affected men cannot 
transmit. In this pedigree of optic atrophy, only three affected men 
have children. Eight of the latter are girls, but none of them had yet 
had children. Many of the pedigrees which are supposed to show 
in^-bility of the male to transmit are subject to the criticism that 
males have not survived or not married. 

A typical pedigree of Leber’s disease, showing sex-linkage, confined 
to males and transmitted by females, is seen in Fig. 80, taken from 
Vogt (1922). Pines and Tron (1925) cite a case where five brothers 



Fig. 80. Pedigree of optic atrophy (Leber's disease). (After Vogt) 

in a family of thirteen were afflicted. Their mother’s brother was also 
affected. The onset of the disease began in the uncle at twelve years 
of age, and in the five brothers at the ages respectively of 28, 20, 14, 
31, 31. Schonenberger (1926), in reviewing the subject, brings together 
127 pedigrees by 16 authors. Of those affected, 534 are d” to 99 9 . 
In some of the pedigrees no female has it, in others they are often 
affected. None of these pedigrees shows whether a man can transmit 
through a normal daughter to his grandsons. In one a female is 
affected as well as her brother. This may be a case of variable 
dominance. 
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Kawakami (1926) also finds the condition following the X-chromosome 
in his pedigrees, but some heterozygous females showing it. The age of 
onset of the disease varies, as does also its occurrence in different races, the 
Japanese exhibiting it most frequently. Usher (1927) describes a family 
with sixteen cases in six generations, and another with eight cases in five 
generations. There is said to be no consanguinity of the parents in either 
pedigree, but in both the inheritance is recessive. 

Bell (1928) collected the reports of 904 families, 782 European, 
122 Japanese. In the former, 15.5 per cent of the affected are female, 
in the latter, 40.9 per cent. In Komai’s 41 pedigrees of optic atrophy 
in Japanese, only three show transmission by an affected male — 
to 2 sons, one son, and 3 sons and a daughter respectively, although 
they have a total of 39 children (one having 4 sons and 6 daughters). 
This is an approach to Lossen’s supposed law and seems to show that 
sperms bearing the gene for optic atrophy are less viable. Bell gives 
graphs for the age of onset in c? and 9 in Europe and Japan. In the 
Japanese the maximum onset is at about fifteen years, the curves 
for c? and 9 being very similar, whereas in European women there 
is one peak at fifteen (puberty) and another at twenty to forty-three, 
perhaps due to toxic effects of pregnancy. European males show one 
high peak at ca. twenty-four years. Since the onset is so different for 
European and Japanese females, she suggests that the dominant and 
sex-linked forms represent different genes. When a European mother 
is affected, the onset is earlier in her sons (perhaps because a different 
gene is involved in these families). Recovery sometimes takes place, 
which may have a connection with the variable dominance. Nevin’s 
(1933) family has 8 cases (ycT i 9) in three generations. The inher- 
itance is sex-linked recessive, except that a sister of two affected 
brothers is also affected. 

Komai (1934) regards such pedigrees as Fig. 8, p. 15, as not sex-linked 
but strictly dominant in the male and exceptionally so in the female. 
He states that. optic atrophy is the commonest eye disease in Japan. 

Waardenburg (1935) finds that congenital forms are mainly recessive 
while the infantile-juvenile type is a simple dominant, eis in the Griscom 
pedigree which he thinks is not typical Leber’s disease. He finds that 
in Japanese pedigrees 41.4 per cent of the women are affected (in 
Europe 10 to 16.6 per cent) because the condition is partially dominant 
in Japanese women. He also finds that the prenatal mortality of 
male foetuses with Leber’s disease is less than normal and concludes 
that they must have a higher vitality. The excess of conductor over 
non-conductor females is similarly explained by selection in favor of 
the former. In explanation, Waardenburg fell back on a complicated 
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theory of inheritance involving changes in the cytoplasm, which was 
supported by Imai and Moriwake (1936). They found the frequency 
of affected females to be 8.4 per cent for the Germans, 20.6 per cent 
for the French, 21,6 per cent for the English and 70 per cent in Japan, 
and suggested that these differences could be accounted for by differ- 
ences in the sensitivity of the cytoplasm to the female sex hormone. 
Such an hypothesis appears highly improbable. 

Hubert (1932) described a form of congenital optic atrophy in which 
there was no central scotoma. There were 10 cases (8 <f 2 9 ) in three 
generations, the inheritance dominant, sibships numbering 10 affected: 
14 normal, three cases being diagnosed as retinitis pigmentosa. Bedell 
(1934) describes a family with ii cases (8c?' 3 9) in four generations. 
All cases were inherited through the mother, who was affected in two 
cases and normal in two. This is perhaps best regarded as sex-linked 
with irregular dominance in the female. 
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Fig. 8i. Orkney family with Leber’s optic atrophy. (After Russell) 


Figure 8i from Russell (1931, 1932) illustrates well the difficulties 
in interpreting many pedigrees of Leber’s disease. The family lives 
in the Orkneys. Four cases appeared in generation IV, three of them 
from a marriage of second cousins, time of onset from twenty to forty 
years. The sibships number 4 affected : 12 normal, exactly in accord 
with a simple recessive. But the sex-ratio is 1 1 c?" : 5 9 , all the affected 
are males and III. 16 must have been a carrier. Is it possible that 
females homozygous for the condition are non-viable? If sex-linked, 
it would be inherited from I. 4 in both families and should show in 
some of the males of generation III. Russell suggests that a decrease 
of vigor in generation IV might account for its appearance, but this 
is unlikely. On the other hand, if simply recessive it could be trans- 
mitted through II. 5 and III. 6. 
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Halbertsma (1934) has five pedigrees of Leber’s disease, four of 
which are typically sex-linked recessive with a total of 44 affected 
males. The fifth (Fig. 82), from Leiden, has points of special interest. 

Like some other pedigrees of this condition, 
it seems to necessitate a change in domi- 
nance in generation III. In the first two 
generations it was an ordinary sex-linked 
recessive, while in the last two it is a simple 
dominant. Crossing-over from X to Y would 
explain III. i, but the three affected females 
necessitate a change in dominance. Siemens’ 
(1925) extensive pedigree is strictly recessive 
sex-linked except that two heterozygous 
females exhibit the condition. The whole 
family contains 18 cases (16 c? 29) and the sibships containing affected 
males number 16 cf affected : 15 c? normal. It would be Interesting to 
know if the daughters of III. 10 transmitted the condition to their sons. 

Stahlin (1931), from a study of many pedigrees, concludes that in 
addition to Leber’s disease there are two other forms of optic atrophy, 
(l) Behr’s optic atrophy of children, (2) a recessive congenital optic 
atrophy. 



Fig. 82. Dutch family with 
Leber’s optic atrophy. See 
text. (After Halbertsma) 


Thompson and Cashell’s (1935) family (Fig. 83) is a strict dominant, 
16 cases (6c? lo 9 ) in six generations. It differs from typical Leber's 



Fig. 83. Dominant pedigree of optic atrophy. (After Thompson & Cashell) 

disease in being congenital and stationary with white optic discs and periph- 
eral restriction of sight instead of a central scotoma. There were no other 
anomalies. The gene may be distinct from that of Leber’s disease. The 
inheritance is entirely through five mothers, but this may be chance. 


ABNORMALITIES OF THE EYE 


221 


Evidently the problem of variable sex-linkage in Leber’s disease 
will only be solved by further analysis of symptoms, age of onset 
and other details in many complete pedigrees. It is not yet certain 
whether a difference in method of inheritance is accompanied by 
differences in symptoms. The main genetic peculiarity, however, is 
evidently the variable dominance in the female. The sex-linked form 
probably most nearly resembles color-blindness in its genetics, but 
with less frequent transmission by males. 

Veit (1940) describes the first family in which sex-linked Leber’s 
disease is associated with recessive deaf-mutism. There were nine 
cases of Leber’s disease, one girl born blind was also an idiot. The 
four cases of deaf-mutism were in one sibship, the two males having 
Leber’s disease as well and one female transmitting Leber’s disease 
in marriage with another deaf-mute. The two conditions are evidently 
not linked. 

The linkage of Leber’s disease with other sex-linked characters is discussed 
in Chap. IV. Curtins and Decker (1930) published a pedigree with 65 
members in four generations, 43 of whom were examined. Of these, 15 had 
nervous and psychic affections, 10 had anisocoria (pupils of unequal diam- 
eter) and one had relapsing oculomotor paralysis. 

Excavation of the optic disc (end of the optic nerve) is often described. 
Gut (1937) studied the inheritance in 35 families including 160 persons. 
In 12 families deep excavation was present in both parents and in 
25 of 33 children. From this and other evidence it is concluded that 
excavation is dominant in inheritance. 

Congenital Stationary Night-Blindness {Hemeralopia) ® 

This condition also occurs in dominant, recessive and sex-linked 
forms. It is attributed to an insufficiency of rods and of retinal purple 
and generally is unaccompanied by visible changes. The dominant 
form furnishes one of the largest pedigrees for the inheritance of any 
human condition, although many other pedigrees now extend to ten 
or eleven generations. This is the famous pedigree of Jean Nougaret 
(1637-1719) and his descendants (peasants in the south of France) 
through ten generations, seven of which were published by Cunier in 
1836. Nettleship (1907) worked out the full genealogy to 21 16 persons, 
recognizing the condition as a Mendelian dominant, and the chart of 
inheritance is given by Bateson (1913) in condensed form. Affected 
persons are unable to see in a dim light. While strictly dominant, 

’ It has been suggested (Brit. Med. J. 1942. ii. 497) that the unsatisfactory terms hemera- 
lopia and nyctalopia be replaced, preferably by nyctamaurosis. 
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there is an excess of normals in the sibships, in the ratio i 34 : 246, 
partly due to some form of selection, sperm carrying the gene being 
perhaps less viable, and partly to the fact that all children dying in 
infancy were considered normal. Rambusch, in Denmark, traced a 
family through eight generations with 48 affected to 33 normal men 
and 46 affected to 33 normal women — the reverse of the condition 
in the French family. In still other families these four categories are 
equal. 

Nettleship (1912) described a family with sex-linked night-blindness 
associated with myopia, 21 cases (20c? i 9) in five generations. In 
another family studied by Newman (1913), night-blindness is also 
sex-linked. This family is from Texas, having originated in North 
Carolina. There is “apparent non-inheritance of the capacity to 
tratismit night-blindness on the part of the sisters of night-blind men.” 
In F3 and Fs, if there were no consanguineous marriages, there should 
be equal numbers of females carrying or not carrying night-blindness. 
But none of the five married sisters of F3 night-blind men show any 
trace of night-blindness in their progeny. Newman suggests that 
possibly night-blindness cannot be inherited through two successive 
generations in the female line, owing to prolonged association of the 
defective X-chromosome with a normal X. But other genes can be 
transmitted through several generations of females without being 
lost or affected. 

In its main essentials the character in this family behaves as a 
recessive located in the X-chromosome, but, as in hemophilia, there 
is an excess of abnormals. Thus, of the 36 offspring of the night-blind- 
carrying daughters of night-blind men, there were 22 cf, 149, and 
of these 22, 17 were affected and only 5 not. In this family the night- 
blindness is usually accompanied by myopia, and almost invariably 
by strabismus, with frequent occurrence also of pterygium. It is believed 
that all these conditions form one complex, and whether all appear 
may depend oh other factors present. Nettleship thinks pterygium 
is produced by glare and dust. The sex-linked form of hemeralopia 
is usually associated with myopia, but this was not the case in New- 
man’s pedigree. 

Sedan (1885) published two dominant pedigrees of hemeralopia, one 
family having 10 cases (Sef 5 9) in three generations, the other 9 cases 
(4d’ 59) in four generations, no skip. In Swanzy’s (1873) family the con- 
dition was probably dominant. In Morton’s (1893) family it is evidently 
recessive sex-linked, with fifteen cases (all males) in five generations. In 
the second generation of this pedigree a normal son is supposed to transmit 
the condition to two grandsons. Probably this was a daughter instead of a 
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son. In this pedigree every one of the eight recorded females is a trans- 
mitter. In another sex-linked pedigree (Cutler, 1895) there were six cases 
(males) in four generations, and the four surviving females were again all 
carriers. Ammann’s (1898) family had twelve cases (all males) in five 
generations, the inheritance strictly sex-linked. All the affected were also 
high-grade myopic, and seven normal females transmitted. A large pedigree 
of hemeralopia with myopia and astigmatism, by Kleiner (1923), is an ex- 
tension of Pfliiger’s pedigree in 1881. Strictly sex-linked, it includes 17 
affected males in three generations. 

Bell (1922) states that the inheritance of night-blindness was recog- 
nized as early as 1774 and gives a number of pedigrees. She found 
that 86 per cent of daughters transmitted. In a recessive sex-linked 
character all daughters of affected males may be expected to transmit 
to half their sons, because all have received the defective X-chromo- 
some from their father. In small families, however, it may happen 
that only normal sons appear even when the mother is heterozygous 
for the condition. 

Extensive pedigrees of night-blindness (hemeralopia) running into five, 
six, or even eight generations were published by Varelmann (1925), with 
many clinical details. He also found it to be a recessive sex-linked character. 
When the father was affected and the mother normal, 38 of the sons were 
normal and 4 affected (the latter because their mother was a transmitter) ; 
of 23 daughters, 21 were shown to be carriers. (Only half the daughters of 
a carrier mother will be carriers.) Of the 154 sons from normal fathers and 
carrier mothers, 53 were normal, 93 affected ; hence a large excess of abnormal 
sons. 

A recent pedigree (Riddell, 1940) has eight night-blind males in 
three generations. They frequently show myopic astigmatism and 
a squint, with defective sensitivity for yellow-blue. The condition 
is quite likely allelic to color-blindness. With the reduced lighting in 
wartime, night-blindness is a serious disability. Temporary night- 
blindness, as a non-inherited condition, may be due to lack of vitamin A 
or associated with nerve exhaustion, malaria, rheumatism or other 
causes. The prescription of liver for night-blindness was common 
in the Middle Ages, and is recorded on an Egyptian papyrus, 1500 B.c. 
Hind (1863) cited many cases of temporary night-blindness in Lab- 
rador, but he says (p. 163) “they always recover their sight as soon 
as they reach the settlements and get a change of diet.” 

Recessive night-blindness has been reported several times. Gassier 
(1925) described a consanguineous family of Vogt with recessive 
hemeralopia and myopia. Four cousin marriages produced 9 cases 
(3c?' 6 9) in a total of 41 sibs. Oguchi (1907) reported recessive hem- 
eralopia without myopia in a family with much inbreeding in Japan. 
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This is evidently a distinct gene, as the fundus has the peculiar appear- 
ance of ''partially stripped gilt,*' which disappears after two hours 
in darkness and probably depends on the rods in the retina. It may 
be related to retinitis punctata albescens. Oguchi (1926) thinks it 
is due to two abnormalities in the retina, (i) anomalous division of the 
cones, (2) formation of an intermediate layer. Many small pedigrees 
of Oguchi' s disease have been published in Japan (Komai, 1934) and 
it has since been recorded as a rarity in Europe. Kawakami (1925) 
found night-blindness common in Japan, occurring as dominant, reces- 
sive or sex-linked. He recorded 20 families while Oguchi (1926) de- 
scribed a sibship having three cases of hemeralopia, three of Oguchi's 
disease and two normal sibs. Another family had two cases with six 
normal sibs. Endelman (1931) found a brother and sister with 
Oguchi’s disease, from a consanguineous marriage in Poland. They 
are stated to have belonged to the Armenoid race, with convex nose, 
shovel-incisors and a marked zygomatic arch, which was regarded as 
evidence that they were of Mongolian descent. Scheerer described the 
first European case in 1927. 

Night-blindness, or “moon eye,“ has been described in a herd of short- 
horn cattle in Oklahoma (Craft, 1927). They are normal by day, but are so 
blind at night that they stumble over slight obstacles. They were descended 
through inbreeding from a common ancestor, and as normal parents gave 
some night-blind calves, the condition is apparently recessive. 

Rodless retina is a condition accidentally discovered in albino mice and 
not known to occur in human beings. The retina of both eyes differs from 
the normal in the complete absence of the light-sensitive (rod) layer and 
great reduction in the number of rows of nuclei in the external nuclear layer. 
(Cones are normally absent in the mouse.) Keeler (1927, 1928) found that 
this condition is a simple recessive. There is no visible lesion of the eye but 
it causes complete blindness, and it can only be discovered from sections, 
because blind mice behave exactly like mice with normal vision. Three 
conditions of the retina were found, in which the external nuclear layer 
consisted of i, 3,. or 6 rows of nuclei, whereas in the normal retina this layer 
contains 15 rows. The 3-row and 6-row conditions appear to be modifications 
of the I -row, perhaps due to a genetic modifying factor. 

Glaucoma is a disease of the eye with intense intra-ocular pressure 
due to blocking of the lymph drainage canal, whether congenitally 
or by infection, resulting in hardness of the eye, atrophy of the retina 
and ultimate blindness. It is relatively rare and is probably generally 
inherited. James (1927) gives a dominant pedigree with eight cases 
in two generations. Some pedigrees also show “anticipation.” Kame- 
netzki (1925) described a juvenile form of glaucoma, which usually 
manifests itself at puberty and was confined to males, while in other 
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forms of glaucoma more women than men are usually affected. The 
pedigree of Kamenetzki (Fig. 84), from the Russian farming popula- 
tion around Irkutsk, also shows recessive sex-linked inheritance. The 
case of transmission from an affected man through his daughter to 
a grandson is regarded as doubtful, though there is no reason why it 
should not occur. 



Fig. 84. Recessive sex-linked inheritance of juvenile glaucoma. (After 
Kamenetzki) 

Courtney and Hill (1931) have a pedigree of dominant juvenile glaucoma 
simplex. A Scottish family settled in Virginia has 18 cases (locf* 8 9 ) in 
five generations, with two cases of failure of penetrance in the third genera- 
tion. The onset is usually in the second or third decade and the disease runs 
a rapid course, necessitating iridectomy. The glaucomatous eye usually has 
a small cornea, but in this family the cornea is of normal size and there are 
no associated ocular defects. Many authors mention a predisposition of 
dark eyes to glaucoma. This might have either a genetical or a physio- 
logical basis. 

Another dominant pedigree (Zorab, 1932) contains 7 cases (be? l 9) 
in three generations without loss of vision. Mr. Humphrey Neame 
reported at the same time a family with 9 cases (4 cf 5 9 ) in three 
generations. Five previous dominant pedigrees also show an excess 
of affected males, the total affected being 250? : 109. A German 
pedigree of adult glaucoma (Wolfsohn-Jaff6, 1935) has 9 cases (6cf 3 9 ) 
in three generations. 

That anticipation may be a reality in glaucoma is indicated by de Gr6sz 
{Brit. Med. J. 1939, i. 891), who cites a case of a man afflicted at eighty- 
three, his daughter at sixty-two, her two sons at forty-four and thirty -eight. 
In another case, man and wife developed glaucoma at fifty-four and fifty- 
seven. Of the five children, it appeared in two daughters at thirty-eight 
and thirty-five, and in a grandson at twenty. It is stated to be prevalent in 
Hungarian Jews. 

Hydrophthalmus or dropsy of the eye is similar to glaucoma in 
symptoms but occurs in children. According to Waardenburg (1932), 
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congenital hereditary hydrophthalmus is a simple recessive but the 
published cases give a ratio of 50’ : 3 9 afflicted, the reason for which 
is not known. It is also recessive in rabbits, and it occurs in dogs and 
calves. 

Sorsby (1935) points out the association of certain ocular defects 
with skeletal changes. Syndactyb'^ with aniridia is said to be widely 
known although no cases published. Brachydactyly with microcornea 
is recorded in father and son. Apical dystrophy of hands and feet 
with bilateral macular coloboma was observed in a mother and five 
of seven children. These suggest genetic linkage, though they might 
be the effects of a single gene. Lobster-hand and aniridia (Savin and 
Sorsby, 1935) may be only a chance association. Arachnodactyly 
with ectopia lentis and the Laurence-Moon-Biedl syndrome will be 
considered under syndromes. 



Right Left 

Fig. Eyes of a pair of MZ female twins aged 8o, 
showing pingueculae (a triangular yellowish spot on 
one, side of iris) in the four eyes. (After Vogt) 

This chapter may profitably end with some detailed observations 
of Vogt (1938) on the senile ocular changes in aged identical twins. 
He shows that senile eye characters appear in both members of a 
pair in nearly identical form and that they are determined in the 
germplasm. The wrinkling of the skin and face, the pattern of hair- 
loss and graying and the time of graying is the same. Twenty-three 
pairs of aged twins were studied, fifteen of them monozygotic. A 
pair of MZ female twins aged eighty show almost identical pingueculae 
(Fig. 85) (a triangular yellowish patch in the cornea on both sides 
of the iris) with Krukenberg's pigment spindle (a vertical spindle-shaped 
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brownish-red opacity on the posterior surface of the cornea) and the 
same type of senile cataract in all four eyes. Vogt gives a pedigree 
showing the inheritance of Krukenberg^s spindle. Both twins were 
slightly myopic, and all four eyes also had cornea guttata senilis (spotted 
cornea due to dystrophy of the endothelial cells). They also, at eighty, 
developed simultaneously retinitis hemorrhagica. In nine other pairs, 
aged fifty-five to eighty-one, the pingueculae were weak, in fourteen 
pairs strong or very strong, the identical pairs being alike in these 
particulars, so it is evident that the presence or absence of senile 
pingueculae is inherited. Vogt et al, (1939) give a fuller and highly 
documented account of the eye characters of aged twins, which is 
unique. Thomson and Ballantyne (1927) give an earlier account of 
Krukenberg’s spindle, with a colored plate. 

Pterygium is frequently supposed to be produced by *Vind and 
weather” but only i in 1000 has it. A patch of thickened conjunctiva 
generally runs from the iris to a broader base at the inner canthus. 
Two pairs of female identical twins, aged fifty-five and seventy-five 
respectively, had pterygium in all their eyes. Vogt finds it is probably 
not dominant. Unilateral gerontoxon (equatorial displacement of a 
lens in the aged) is known to be inherited in successive generations. 
The arcus senilis of gerontoxon was present in both eyes in a pair 
of male twins fifty-four years of age. It is probably dominant in 
inheritance. 

A pair of male twins sixty-seven years of age showed congenital hetero- 
chromia iridis. Both right eyes were blue with pigment naevi (Fig. 29, 
p. 1 12) and a dark brown border around the pupil. This border or edge is 
microscopical and the slit lamp is necessary to bring out the detail (.see 
p. 188). It is only | mm. in width and brownish in color. The two left eyes 
of this pair were brown, with a dark brown ring around the pupil in the 
sphincter region (Fig. 29, right) and no border to the pupil. They were also 
both drinkers and apoplectics. That this pupillar border composed of lobes 
like granules, is inherited is shown by a pair of female twins in which it is 
present in all four eyes. Even its structure, variations and senile changes 
are inherited. In a pair of twins sixty-eight years old the dark granules of 
which it is composed have disappeared, leaving a smooth edge except at 
certain points. It may also be lost by radial splitting or become transparent 
or the pigment granules may be scattered in the iris or wander into the iris 
mesoderm. The destruction of this border usually begins at fifty-five. 
The time and manner of its disappearance is shown by twin studies to be 
inherited. 

The zonula of Zinn or suspensory ligament of the lens may be weak, 
causing congenital displacement of the lens, or a gene may produce the 
displacement between the ages of twenty-five and seventy. Vogt also shows 
senile destruction of the vitreous in a pair of male twins aged seventy-four. 
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as well as partial atrophy of the choroid membrane. Granules in the end 
of the optic nerve were seen in all four eyes of another pair of identical male 
twins with tower skull. 

In a detailed study of sixteen pairs of identical twins (MZ) and 
seven pairs of fraternal twins (DZ), Huber (1931) confirms the results 
of Waardenburg and others. He found the range of difference in 
corneal refraction to be only 0-1.5 diopters in MZ, for corneal astig- 
matism, .5 diopter, for total refraction 1.5 diopters. The sharpness 
of vision, color of iris, distribution of iris pigment, pupillary rim, the 
structure of the glands of Krause, remains of the pupillar membrane, 
eyelids, eyebrows, congenital lens opacity; form, color and excavation 
of the optic disc; the fundus, as well as the form and position of the 
teeth showed the greatest similarity in MZ and are therefore hered- 
itary. The DZ showed marked differences. 

Loeffler (1932) described an eye defect mutation in the white mouse which 
is of interest in relation to human genetics. The condition is an autosomal 
recessive. The young are born with their eyes open. The lids bleed, form- 
ing an exudate which covers the eye but disappears in five to six days, 
leaving a median circular white mark on the cornea. The eye-opening is 
small and the cornea later shows turbidity. The condition varies from 
nearly normal to one of phthisis bulbi in which the eye degenerates com- 
pletely. The manifestation of the gene is influenced by a number of inhibit- 
ing and promoting factors which are regarded as pleiotropic effects of the 
normal genes. There is at least one inhibitor in the sex chromosome, and 
a close relation is shown to the reactions produced by various genes in the 
genotype. 

Huber (1943) discusses and disproves the theory that senile diseases 
of the eye are due to a process of wearing out. He shows in the case 
of senile cataract, retinitis pigmentosa and senile macular degeneration 
that these are homochronous hereditary diseases, other influences 
being secondary in that they may serve to hasten or precipitate the 
condition. He concludes that senile cataract and senile macular 
degeneration are purely genotypically determined age changes in the 
eye. 
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Chapter VIII 


HEREDITARY VARIATIONS AND ABNORMALITIES OF 

THE EAR 


E ars are a feature which has been relatively little studied from 
a genetic point of view. Dahlberg (1926) made an extended 
record of ear shapes, with photographs in twins, showing that many 
small details of conformation must be inherited. Hilden (1922) gives 
three good pedigrees of adherent ear lobes, from Riino Island off the 
coast of Riga. He finds the condition recessive to free ear lobes. 
Attached ear lobe was formerly regarded as a stigma of criminality 
or insanity, but Hilden shows that there is no connection with any 
mental or physical abnormality. Adherent or absent ear lobes is 
characteristic of Bushmen and Tierra del Fuegans and lobes are char- 
acteristically absent in Negroes; offstanding ears are seen in Kabyle, 
Kalmuck, Turkoman and Bashkir. The frequency of adherent ear 
lobes in Germany is 10 to 25 per cent. 

Riddell (1942), in a study of eye color, recorded the ear lobes and 
occipital hair whorls in five hundred persons. He found a significant 
excess of women with attached lobes. One woman had one attached 
and one free lobe. There were 23 per cent of attached lobes in the 
group examined. 

In a further study, Quelprud (1934a) confirms Hild6n in some families 
but finds the conditions more complicated in others. Adherent lobes 
are more frequent in women, the percentages being 7 in men and 12 
in women or roughly 2:1. The lobe may be from one-third to entirely 
adherent. When both parents have adherent lobes no child will be 
less than three-fifths adherent; when the parents’ ear lobes are less 
than three-fifths adherent, no child will have completely adherent 
lobes. Wiener (1937) examined 124 families with 607 children. He 
recognized four grades of attachment and found all gradations between 
free and attached lobes. This condition may be due to multiple factors 
or to a main factor with modifiers. That the difference between free 
and attached ear lobes is a simple Mendelian pair in some families, 
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with the former dominant, is indicated by the pedigree of Powell and 
Whitney (1937). In one family all eighteen members in three genera- 
tions, except two wives from other families, had free ear lobes. Another 
family of seven members in three generations had attached ear lobes. 
Intermarriage of a member from each family resulted in a family of 
six, all with free ear lobes. This shows dominance, without evidence 
of segregation. Quelprud (1941) claims that adherent lobe, after 
“sex and age correction,” is really dominant, which goes to show the 
dangers of statistical treatment insufficiently checked by the study 
of pedigrees. 

Hild6n (1929) made a study of Darwin’s ear point or tubercle in 
the population of Finland. In various people the infolded edge of 
the helix has a more or less conspicuous projecting point which Darwin 
{Descent of Man) regarded as a remnant of the erect, pointed ears of 



Fig. 86. Types of ear. (After Regmunt-Sobieszczanski) 

our anthropoid ancestors. Schwalbe recognized six stages in the con- 
dition, from the most extreme everted point (Macacus form) to its 
complete absence, and Keith showed the existence of a chain of inter- 
mediate forms. Hild^n examined this point in the ears of the pupils 
in two Finnish and two Swedish schools in Helsingfors, numbering 
in all 2077 children with 4154 ears. Forty of these ears (less than i per 
cent) belonged to the extreme Macacus form, 187 belonged to form 
three, with a typical inturned point or tubercle, and in 2215 ears there 
was no trace of the tubercle. Darwin’s tubercle in one of its five forms 
was present in 50 per cent of the boys and 43 per cent of the girls. 
This excess of* The more primitive ear form in boys was chiefly due 
to the Swedish boys, there being only a slight excess of its frequency 
in Finnish boys. Darwin quotes Meyer as also recording the tubercle 
rtiore frequently in men than in women. 

When present in only one ear, Darwin’s tubercle was rather surpris- 
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ingly found to be twice as frequent in the right as in the left, the greater 
reduction of this condition in the left ear applying consistently to 
both the boys and the girls of each race independently. It was also 
found that the five types of Darwin tubercle were consistently more 
frequent in Swedish than in Finnish children. This difference is 
ascribed to the different proportions of the East Baltic and Nordic 
races in the two peoples. Its frequency in Germany (Haike, 1930) 
ranges from 15 to 25 per cent and in England it may be as high as 
55 per cent, but much depends upon the definition. 

Schwalbe's six types of ear margin are represented in Fig. 86. 
Regmunt-Sobieszczanski (1933) recognized a new type which he 
places between Schwalbe's types i and 2. In this type the upper 
and part of the lateral border of the helix, where Dai^in's tubercle 
is situated, is unrolled, the uppermost part being the satyr point. 
In 1612 observations this form was found twice, bilaterally in a man 
of twenty-five and in the right ear of a girl of fourteen. Keith (1906) 
recorded the frequency of the 
^‘orang," ^‘chimpanzee" and “go- 
rilla" types of ear in Europeans. 

An unrolled portion between the 
top of the ear and Darwin's tubercle 
is found by Geyer (1928) to be a 
sex-limited recessive, more frequent 
in men than boys. Bent-over helix 
between Darwin’s tubercle and the 
ear lobe is more frequent in women, 
but the inheritance is uncertain be- 
cause of shifting conditions. Ac- 
cording to Haike (1930), the satyr 
point, a kink in the upper margin 
of the helix, normally persists to 
the second or third month in utero, 
and Darwin's point to the sixth 
month. 

The inheritance of macroty (big 
ears), microty (small ears) and 
out-standing ears has been little 
studied. The anthelix may also be 
enlarged and protruding. When the enlarged portion connects with 
the helix it forms the Mozart ear, present in Mozart and his father. 
Cat ear is a persisting foetal condition of the third month, in which 
the upper posterior part of the helix is rolled over. Cup-shaped ear 
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(Fig. 87) may be the same, but cat’s ear is found to be associated 
with ptosis. Helix flat in the upper part and connected with the 

anthelix (Fig. 88) was found in mother and 
daughter. The helix may have a nick in its 
posterior border, but the inheritance of this con- 
dition is unknown. 

Quelprud (1934b) recognized six degrees in 
the development of Darwin^s tubercle as well 
as the Cercopithecus and the Macacus or satyr 
type. From three pedigrees it appears to be 
inherited as an irregular dominant in one or 
both ears, occasionally occurring in a child when 
both parents were without it. From examina- 
Fig, 88 , Helix flat in tion of 1 524 persons in Germany, it was found 

upper part and con- tubercle generally increases with age in 

nected with anthelix. , , . • r 1 t 1 

(After Haike) males and decreases in females. Quelprud con- 

firmed that the right ear is more frequently 
affected and found the tubercle generally more developed on the right 
ear. Twin studies confirmed the inheritance. Another study of ears 
(Quelprud, 1932) shows that they are very similar in details of form 
in identical twins. In a summary of results he finds (1941) that males 
at all ages have larger ears than females, except in length of lobe and 
breadth of concha in which they are equal. Fistula auris congenita, 
crus cymbae, crus anthelicis in 
cymbam, auricular drops and cer- 
tain ear deformities were found to 
be dominant; tuberculum anthe- 
licis, tuberculum helicis fossale, 
crus anthelicis tertium and a band- 
like helix were recessive. 

A vertical cartilaginous ridge 
in the concha, which Quelprud 
(1934a) calls the crus cymbae 
(Fig. 89), is found in 5 to 6 per 
cent of cars and is dominant in 
many families, with considerable 
variation. Further family and 
twin studies ,(i939) show its ir- 
regular dominance and very vari- 
able expression. At the back of the ear a projecting cartilaginous lump 
is sometimes present (Fig. 90). It is more frequent in men, the sex-ratio 
being 72 : 29 per cent, but its manner of inheritance is unknown. 



Fig, 8q, Crus cymbae, a ridge in the 
concha. (After Quelprud) 
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According to Bean (1915) human ears are decreasing in size and changing 
in shape. The ear undergoes retrograde metamorphosis before birth. 
Negroes have the smallest ears of any race. The Asiatic yellow-brown races 
have the largest and least retrograde, the Kalmucks and Patagonians being 
credited with the largest ears of all. The ears of the white race are inter- 
mediate, being longer than those of the Negro and about the same breadth. 
The length-breadth index of Topinard is therefore higher in the Negro. 
Bean finds the Negro ear small, almost flat, close to the head, with a broad 
helix as if much folded over. The satyr tubercle is found to be well marked 



Fig. () 0 . Cartilaginous projection at back of ear. 
(After Quelprud) 


while Darwin’s tubercle is small or absent. The involuted ear, which is 
frequent in Negroes and Hottentots, is seldom found in whites. It has a 
broad helix much rolled in, frequently with a gnarled or crumpled appear- 
ance as if the result of injury, but not due to accident. The lobule is absent 
or small more frequently in Negroes and Filipinos, most frequently present 
in whites, Asiatics being intermediate. The ears are glabrous in Negroes, 
hirsute in whites, the Negro ear being most advanced in regressive evolution. 
Ears continue to increase in size with age to seventy years and beyond, this 
growth being more marked in white men than women. Bean has an elab- 
orate classification of ear types, beginning with hypo, meso and hyper forms, 
which does not appear to have been adopted. He also (1909) studied Filipino 
ears and attempted to classify them on a racial basis. 

Hypertrichosis of the ears is a striking abnormality described by 
Tommasi (1907).^ A dense growth of long black hairs, beginning at 
eighteen to nineteen years, covers the anterior surface and the lower 
part of the posterior surface and remains black, even at eighty-one 
years of age. As shown in Fig. 6, p. 13, all the males (eleven cases) 
and no females were affected in five generations (except the twins, 
who were too young to show the character). This holandric inheritance 


^ Only the second paper gives data from which a pedigree can be constructed. 
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follows the Y-chromosome, which must therefore contain the deter- 
mining gene. Several members of this family were alcoholics, the pro- 
band and his sister were apparently sterile and became insane. The 
author reviews earlier studies of ears and of hypertrichosis. 

Various other inherited abnormalities of the ear have been described, 
both in man and animals. Absence of the external ear is cited (Windle, 
1891) in a case where a normal father had a son with the defect. The 
father’s male cousin had the defect, and two of his male children, but 
a daughter was normal. He quotes the case of a woman, two of her 
daughters and two granddaughters with “rudimentary lobules” to 
their ears, the male children and grandchildren being normal. Sedgwick 
(1861) cites a case of a boy with no external left ear, the meatus being 
imperforate. This boy’s father had a male cousin whose two sons 
exhibited a deficiency of the cartilage of the left ear, while the daughter 
was normal. The manner of inheritance is not clear, except that it 
is from the original great-grandparents, and it is confined to one side 
of the head. Sedgwick (1863, p. 457) describes a line of descent in 
three generations with rudimentary ear lobes adherent to the head. 
The condition appears to have occurred only in the women. It was 
present in the grandmother, in two of her daughters, the third not 
being examined, and one of the two sons examined being normal. 
One of the daughters who had the peculiarity transmitted it to her 
two daughters, the son being normal. Potter (1937) describes a mal- 
formation in which the pinna is small, deformed and cup-shaped 
(Fig. 87). In a family with twenty-three cases in five generations both 
ears were always affected, the internal ear being normal. The condition 
was a strict dominant, DR X RR sibships numbering 22 affected : 
23 normal. 

Among 108,744 children admitted to the Boston Children’s Hospital in 
twenty years, only 46 were treated for malformations of the external ear, 
and of these only 21 (iGcT 5 9 ) had lop ears or bat ears projecting from the 
head (MacCollum, 1938). As the condition is always bilateral and con- 
genital, it is evidently inherited, being due to overgrowth of the conchal 
cartilage and lack of formation of antihelix and fossa. All but two of the 
cases were of Irish extraction. This is a much higher proportion than the 
Irish in the population, so this gene must be more frequent in the Irish 
pepple. 

Among 7814 skulls of various races, but mainly Indian and Eskimo, 
Hrdlicka (1935) made a study of ear exostoses. They were generally 
bilateral, but more frequent in the left than the right ear, more frequent 
in males than females. He concluded that they were localized abnormal 
outgrowths from the tympanic (occasionally the squamous) portion 
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of the bony meatus. They would presumably affect the form of the 
external ear, and since they are generally bilateral they must have a 
constitutional basis. Hrdlicka (1933) also described seven prehistoric 
skulls, five from Peru (Inca), one from Arkansas and one from New 
Mexico, in which the external auditory meatus was absent on the 
right side only. This must be a germinal defect. Some Inca skulls 
showed marked diminution in the lumen of the canal. The otological 
literature showed only 50 cases of atresia of the external bony meatus. 
In 10 cases both ears were affected, and 41 cases were unilateral 
(22 right, 9 left, 10 unstated). Stewart (1933) compared the skulls 
of Eskimos, Aleuts and California Indians as regards the meatus and 
the tympanic plate. A thick plate with resulting changes in the meatus 
is a hereditary feature of the Eskimo skull. 

Lynch (1921) described a mutation in the house-mouse, in which the ears 
are about half the normal length and somewhat narrower. They differ from 
the normal in outline and are held close to the head, the condition being a 
simple recessive. Hound-ear is a variable condition in mice (McPheters and 
Little, 1933) and a very similar condition combined with skull defects 
occurs in swine. The short-ear gene in mice has recently been shown to be 
pleiotropic in its effects (Green and Green, 1942), producing also smaller 
body size, malformation of the xiphisternum and possibly neuromuscular 
kinkiness of the tail. Strains differ slightly in the time of gestation at which 
abnormal development begins to appear. There is a failure of supply of 
necessary substances for cartilage formation to ear and xiphisternum at a 
critical stage of development. Hopf (1909) records many developmental 
abnormalities in man and animals and describes a litter of rabbits which 
contained one with a single ear. From it a race of one-eared rabbits was 
produced. 

Ritzman (1921) fouiid that short, thick ears in a breed of sheep is a 
heterozygous condition, giving equal numbers of both types of offspring in 
crosses with the normal (sixteen short eeir : sixteen long ear). The mating 
together of short-eared individuals produced an earless ram, which there- 
fore clearly represents the pure recessive condition. Similar results have 
been independently obtained in Norway by Wriedt (1925), who adds that 
an earlevss ram mated with normal sheep gave five offspring with short ears, 
while an earless sheep mated with a normal ram produced one lamb with 
short ears. Short ear X short ear gave 2 short : 2 earless, and earless indi- 
viduals mated together gave earless offspring. A simple Mendelian pair is 
involved, with short ear as the heterozygous condition. Short ears in sheep 
were .said to be very common formerly in Norway, and are still found in 
many parts of the country. 

Wassin (1929) showed similar conditions in the Karakul sheep of Bokhara 
with long, hanging ears. The heterozygotes (Aa) had shorter, more pointed 
ears, while in aa homozygotes there were no external ears. The same con- 
ditions were found in sheep in Afghanistan and goats in southern Russia. 
This gene in sheep probably originated in southern Turkestan. It is fre- 
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quent in the CaucasUvS and still more so in central Asia, whence it was prob- 
ably taken to Norway and America. Other recesvsive genes in these sheep 
are (i) an outgrowth of skin on the ear, (2) a long comb-like projection on 
the ear. Lush (1930) obtained similar results. A Tamworth sow in New 
Zealand (Annett, 1938) had, by a particular boar, a litter of ten pigs, four 
of which had their ears bilobed almost to the base. They also had cleft 
palate. Three were born dead and the fourth, which had deformed hind 
quarters, soon died. This was presumably a recessive gene. 

Yamane (1915) described the inheritance of ''notched ears" in Ayrshire 
cattle. The full notch is dominant, the heterozygous condition being usually 
slightly notched. Lush (1922) described the same notch in the ear in Jersey 
cattle. This character was found in a Jersey bull at the Texas Agricul- 
tural Experiment Station, and is inherited as a simple dominant, the bull 
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(Gamboge’s Raleigh) being heterozygous. Thirty of his calves were ex- 
amined and twelve found to be without the notch. There is much variation 
in the degree of expression of the notch. A double human ear lobe was 
described by Schofield (1917). In this family the condition has been trans- 
mitted through four generations, only the right ear having the peculiarity. 
The accompanying chart (Fig. 91) shows its incidence. One generation or 
even two may be skipped, and the condition varies considerably in dif- 
ferent individuals. Thus, in A there is a very marked deep cleft of consid- 
erable length, while in those marked B the cleft is not so well marked. In 
BB it was only a furrow, while in Bi and B2 there is a deficiency of hearing 
in the bilobed ear. I have seen a case in which the ear lobe was divided 
in an anteroposterior direction, the split extending up the back of the ear. 
It was regarded as a family mark. 

Cervical auricles are a case of homoeosis rather than defective 
development. A very imperfect pinna with skin, cartilage, muscle 
fibres and nerves developed on the neck. The Greeks and Romans 
Represented them on the necks of fauns and satyrs. They are rare 
in cattle and deer, but Lush (1924) found ^'double ear’’ dominant in 
Brahma cattle. Cervical auricles are always present in some breeds 
of goat, some breeds of sheep (Karakul, Indian, Senegal) and certain 
breeds of pigs have them. They are generally irregularly dominant 
in inheritance. In man, Cockayne (1933) found only four pedigrees, 
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including an extensive Jewish family with two cases. It is pr()l)ably 
a conditioned dominant, a second independent gene being perhaps 
required. 

A Swedish girl with a natural pit in each ear lobe was described by 
Jenks (1916). It occurs in about the position where ears are pierced 
for earrings and was ascribed to this custom, 
as the Swedish ancestors of both sexes for 
many generations wore earrings. It took the j 
form of a depression on each face of the lobe. 

When she was born they actually met and | 
formed a hole, so that when she was two , 
weeks old the doctor asked her mother why | 
she had had the baby^s ears pierced so soon. | 

Windle (1891) states that a fissure some- | 
times occurs in the sulcus intertragicus of 
the ear, as an arrest of development. 

Swiecicki (1890) cites five other cases. This j 
hole in the ear lobe was probably of similar 
nature. Bland-Sutton in 1890 refuted the j 
idea that it was a case of inheritance of an 
acquired character. Edmonds cind Keeler 
(1940) describe two pedigrees of this condi- Fig. q2. Ear lobe with a de- 
tion (Fig. 92), one of which is shown in Edmonds 

Pig- 93- Ihis Italian family has 9 cases Heredity) 

(4 cf 5 9 ) in three generations, five of them 

being on the right side only and four on both sides, inheritance domi- 
nant. The typical form is a pit about i mm. deep in the middle of 
the ear lobe on both sides but not communicating. In a Russian 




D = Left only 

Fig. QJ. F^edigree of a pit in the ear lobe. (Modified 
after Edmonds and Keeler) 

pedigree they describe six cases in two families of the third genera- 
tion, the mark in the ear lobe being combined with other ear defects. 
In this family the condition is either recessive or a dominant with 
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low penetrance. The ear pits usually described are just in front of 
the car and at the top (Fig. 94). They result from failure to fuse 
of two of the embryonic tubercles which unite to form the ear. 



Fig. Q4. Left and right ears of one man, showing 
pit in front of upper ear. (After Whitney) 
(From the J. of Heredity) 


Kindred (1922) described a family (Fig. 95) in which the pit occurred 
only in the left ear. There were 10 cases (7 cf 3 9 ) in four generations, 
the inheritance dominant but with two skips. We have no satisfactory 
picture of the mechanism of a fixed unilateral inheritance, but as many 
abnormalities occur more frequently on the left than the right side 
there appears to be a difference in the strength of the tendency to their 
occurrence on the two sides. Perhaps this is due to faster growth and 
a higher metabolic rate on one side, as Newman suggests. Starkenstein 
(1928) reported two large families with regular dominant inheritance. 
In Whitney’s (1939) case there were seven affected in three generations 
and the pit was frequently present in both ears, inheritance dominant 



Fig. OS- Irregular dominant inheritance of a pit in the left ear only. (After 
Kindred) 


but irregular, with a skip of at least three generations in one case. 
Quelprud (1940) points out that the auricle arises from the region of 
the left branchial cleft, being partly of mandibular and partly of 
hyoidal origin. His largest family has 23 cases (i6cr7 9) in five 
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generations, the pit occurring on either side or both, an irregular 
dominant. Stiles (1945) finds the pit in the ascending helix itself rather 
than in front of the ear. His seven pedigrees include 38 cases, mostly 
unilateral. In one family the condition is strictly dominant, with 
9 cases (5 cf 4 9 ) in three generations, all but two bilateral and no 
skip, thus showing almost complete penetrance of the gene. In the 
other pedigrees the condition is more frequently unilateral and there 
are frequent skips indicating a penetrance of only about 52%. It seems 
likely that this is due to weakness of the gene rather than to modifiers. 
Although this condition is generally harmless, in some families sup- 
puration (formation of pus) takes place. 

A village population in Hesse showed the pit in 1.7 per cent of the people, 
the anomaly being present in 8 of 161 families. In a Bantu Negro population 
of Nyasaland, Stannus (1914) found it in 4.5 per cent of 6491 individuals 
examined. It was commonly unilateral, more frequent on the right side, 
and more frequent in females (5.2 per cent) than males (3.6 per cent). 
Many other congenital anomalies were present in these natives. In a twin 
population of 115 identical and 127 fraternal pairs it was present in 1.5 per 
cent. In the four pairs of identical twins in which it occurred it was present 
only in one member, which is not surprising, seeing that it frequently appears 
in only one ear. Ride (1935), from his experience at Hong Kong, finds that 
a pit in front of the ear occurs in 10 to 14 per cent of Asiatics. 

Heusinger (1864) described two cases of branchial fistulae and figures 
in one a cleft on each side of the throat together with a tiny pit in 
front of the ear. This pit Is always exactly in the position shown in 
Fig. 94, and it is quite independent of branchial clefts in the throat. 

Heusinger collected 44 other published cases, the earliest being 
Dzondi, 1829, of what is now known as fistula aiiris congenita. There 
may be an opening in the throat 1-15 mm. in length, which is generally 
regarded as a vestige of the first branchial cleft. Windle (1891) cites 
a pedigree of Ascherson (1832) with 8 cases of branchial fistula (i c? 7 9 ) 
in three generations, the inheritance dominant. Cockayne (1933) 
published a family of Mr. E. I. Lloyd with 13 cases (bcf 6 9) in six 
generations of branchial or helical fistulae or both, the inheritance 
dominant. Two similar families (one of them negro) are recorded. 
Cockayne collected 15 pedigrees of branchial or cervical fistulae with 
15 affected : 19 normal in sibships, and 13 if : f 25. Pires de Lima and 
Monteiro (1923) described the anatomy in many cases of branchial 
cysts, fistulae and malformed ears. In a large number of Japanese 
pedigrees (Komai, 1934) fistula auris appears to be generally dominant 
with occasional skips. It had a frequency of 7.8 per cent in the Ryukyu 
Islands. 
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‘‘ Ear pits ” result from incomplete fusion of the six auricular hillocks or 
tubercles which unite to form the pinna. The embryology is discussed by 
Quelprud (1940). It seems that branchial fistulae in the throat are quite 
distinct from the pre-auricular fistulae, the nature of which appears to have 
first been recognized by Sir James Paget in 1878. Klaber (1935) describes 
two cases in which a pre-auricular pit was connected with a cyst; one in a 
girl of six whose father’s father had a larger depression in front of both ears; 
the other a boy of sixteen with an infected cyst in front of the pre-auricular 
pit on the left side. There was a small dimple in front of the right ear. 
Heusinger recognized inheritance in 1 7 of his 46 cases. 

Connon (1941) describes a family with fistula auris congenita form- 
ing an ear pit. The condition is present in 10 members (4 cf 6 9 ) in 
five generations and is in the left ear in every c^se except one female. 
It is dominant, with one skip. McDonough (1941) cites the case of a 
pair of MZ female twins in a family which had five cases of ear pit 
in three generations. One twin had a pit on the left side but did not 
transmit it to either of her two sons; the other twin had no ear pit 
but nevertheless her son had it bilaterally. Such cases are a proof of 
the reality of failure of penetrance even when the genetic make-up 
and the prenatal environment were the same. 

Jenkins (1928) described a family in which, instead of a pit, a con- 
genital skin papillus about 4 cm. in diameter appears in front of the 
external meatus of the left ear. The identical condition in the same 
location was found in 6 cases (40” 29) in four generations of this 
family. It is an irregular dominant, transmitted by two men who 
do not show the condition. 


Deafness 

In man and mouse deafness can be combined with lack of equilibrium 
and also with hereditary movement-disturbances of head and body. 
Different strains of waltzing mice are “circlers” or “shakers” and 
they are more or less deaf. Bonnevie (1936) described a short-tailed 
shaker mutation with extreme movement-disturbances (associated 
with defective labyrinth) emd blood-blebs in the dorsal median line 
of the head. 

Deafness, like blindness, can arise from many conditions, inherited 
or accidental. In the latter case frequently only one ear is affected 
Deafness can be acquired before birth by intrauterine infection, 
syphilis or birth trauma. Exogenous causes include inflammation of 
the brain, otitis media, scarlet fever and fracture of the base of the 
skull in childhood. OtnsnUrnxis . is the most common cause of hereditary 
deafness. Some 10 per cent of ear patients have it (Fraser, 1928) 
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(estimates range from 7 to 30 per cent) and at least 50 per cent of 
them give a history of deafness in the family. Estimated frequency 
in the population ranges from 0.5 to o.i per cent, females being twice 
as frequently affected as males. The onset is insidious, with ankylosis 
of the stapes to the margin of the fenestra ovalis. Changes also take 
place in the bony structure of the otic capsule of the temporal bone, 
large spaces arise in the petrosal bone, its blood vessels becoming 
enlarged, with other changes. A flamingo tinge is frequently visible 
through the treuisparent drumhead. The process usually begins in 
one ear and later involves both. The onset is usually in the twenties 
and thirties but may rarely be as late as seventy or as early as one 
year or even prenatal. In females it often begins at puberty and 
becomes worse at each pregnancy, so there may be some connection 
with sex hormones. According to Davenport, Milles and Frink (1933), 
the condition is essentially a localized dysostosis ( failure of bone 
formation) , which may also result from synostosis between the mastoid 
process and the occipital bone, or thickening of the bones around 
the semicircular canals or in the meatus. It is often associated with 
osteopsathyrosis. These authors studied sixty new families and con- 
cluded that two dominant factors, one of them sex-linked, are involved, 
the autosomal gene modifying the reaction of the mesenchyme while 
the sex-linked gene accounts for the 2 ; i ratio of affected females 
to males and may affect calcium metabolism. Wittmack produced 
otosclerosis experimentally in hens. 

Bauer and Stein (1925) collected 106 families with otosclerosis. 
They thought that otosclerosis and chronic progressive labyrinthine 
hardness of hearing are due to the same gene. The latter usually occurs 
later in life and appears to result from a defect in calcium metabolism 
which causes abnormal bone formation around the inner ear. There 
is frequently also disturbance of equilibrium, with positive Rinne 
tests (which indicate that the perception of tones through the air is 
better than through the bones of the head). In otosclerosis the Rinne 
test is usually negative. Labyrinthine deafness also usually shows 
narrowing of upper tone limits whereas otosclerosis shows narrowing 
of the lower tone limits. In de af -mutism which results from congenital 
deafness or complete loss of hearing before the age of seven when the 
child is accustomed to speaking, the dumbness is secondary and not 
due to lack of organs of speech as was assumed by doctors and phi- 
losophers four hundred years ago. The organ of Corti is undeveloped, 
whereas in labyrinthine deafness it degenerates. In otosclerosis, unlike 
the other two, the auditory nerve is usually fully functional. Bauer 
and Stein concluded that otosclerosis depends on one or more recessive 
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genes, but in some families two otosclerotics may have some normal 
children. They believe the above three forms of deafness are different 
cispects of the same defect, all due to similar recessive genes, often 
taking the form of hardness of hearing in the male and otosclerosis 
in the female. They found evidence of linkage between these genes 
and susceptibility to tuberculosis. Others have observed an asthenic 
hypogenital habitus in otosclerotics. Albrecht (1925a) collected ten 
pedigrees of labyrinthine hardness of hearing. The results are in 
accord with a simple dominant, 24 cf ; 25 9 affected, the sibships 
numbering 37 affected : 36 normal. On the contrary, seven pedigrees 
of otosclerosis showed 20 cT : 30 9 affected, the sibships 45 affected : 
40 normal. Thus they appear to be genetically distinct although 
clinically difficult to distinguish. Haike (1928) collected five pedigrees 
of otosclerosis which are probably recessive, while one is an irregular 
dominant with 30 cases (i i cT 19 9 ) in five generations. Leeson (1928) 
analyzed the records of over a thousand cases. In 41 per cent the 
onset was after thirty years. In 80 per cent the tympanic membrane 
was normal. Pregnancy frequently has a marked effect in accentuat- 
ing the deafness. 

To account for the excess of females in otosclerosis, Davenport, 
Milles and Frink (i933)t who studied sixty new families, proposed 
two dominant factors, one of which was sex-linked. They separated 
four types of families: (i) both parents affected, (2) mother only 
affected, (3) father only affected, (4) both parents normal; and con- 
firmed that whereas other types of hardness of hearing affected both 
sexes equally, in otosclerosis the ratio was 29 : i cf . When both parents 
are affected, nearly all the daughters and about two-thirds of the sons 
are affected. When the mother is affected the number of affected 
sons and daughters will be equal. When the father is affected the 
affected daughters are about 50 per cent more than the affected sons. 
When both parents are normal, equal numbers of sons and daughters 
will be affected. When both parents are otosclerotic, their formula 
will generally be 9XxAaX cfXYAa. When normal parents have 
otosclerotic children the formula will generally be 9 Xyag or xxAa X 
cf'xYAa, The results of these and other crosses can easily be worked 
out and were found to be in accord with the actual data, the method 
of inheritance being similar to that of goitre. Since half the affected 
females will reqeive an affected X from the egg and half from the 
sperm, whereas males will receive an affected X only from their mother, 
there will be twice as many female as male zygotes carrying an affected 
X-chromosome. These data need to be checked by the method of 
Czik and Mather (1938). 
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Dean and Bunch (1923) made a study of the auditory acuity of 
three brothers with an affected auditory nerve in a family of seven. 
The parents were normal and unrelated, and the deafness, which was 
slight at first, slowly progressed. In another family hereditary neuro- 
labyrinthitis was present in two children, their mother and grand- 
mother. It is found that pellagra can also produce neurolabyrinthitis. 
Macfarlan (1927) made a study of the hearing in a pair of middle- 
aged women MZ twins. They act, dress and think alike. Each had 
two moles on the face, identical in size and position. Their hearing 
rises and falls across the pitch range in almost exact correspondence. 
Progressive deafness was observed by Shambaugh and Shambaugh 
(1933) in two pairs of identical twins, one (female) aged thirty-one, 
the other (male) sixty-nine years old. Both pairs gave the functional 
reactions of primary nerve deafness, the latter showing a bilateral slow 
onset at sixty. Other members of their family showed similar deafness, 
so that the deafness in all four was clearly conditioned by heredity. 

Rodin (1933) describes identical hearing defect in a pair of female 
MZ twins who had scarlet fever at six, following which the hearing 
began to decline. At fifteen they showed marked deafness, with audio- 
grams that were practically identical. Such results show that the 
organ of Corti is like a harp whose tones are determined partly by 
the quality of its various strings (heredity) and partly by the nature 
of the forces playing upon it. Bunch (1934) used audiometer tests 
to show marked bilateral loss of auditory acuity in four sisters in a 
family of five with normal parents and no known deafness in the 
ancestors. The auditory fields were similar, the condition being 
incipient otosclerosis. Popov (1935) described a Russian family 
with dominan t hereditary atrophy of the acoustic ( 8 th) nerve, 1 1 cases 
(6 cT 5 9 ) in three generations. 

Astel (1933) published a pedigree of otosclerosis with 13 cases (70’ 69 ) 
in five generations, the sibships numbering 1 1 affected : 13 normal. The gene 
is strictly dominant with no skip. Chumlea’s (1942) family is also dominant, 
with 9 cases (ScT 4 9 ) in four generations and no skip. Soft, spongy bone 
replaced the bony labyrinth of the middle and inner ear. Kabat (1943) 
describes another family with strictly dominant otosclerosis, 19 cases 
(izc? 79) in four generations. He thinks Davenport’s pedigrees can be 
explained by a dominant gene with lack of penetrance. This does not 
account for the excess of affected females, and it is more likely that there 
are two different types of inheritance. 

Smith (1939) described a family in which one ear was stone deaf, 
the affected ear being interchangeable (four were left, four right, and 
there was no relation to handedness). The gene was dominant, with 
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12 cases (Scf 7 9) in four generations, three of them deaf-mutes, i.e., 
bilaterally affected, and one skip (Fig. 96). The labyrinth was appar- 
ently normal, the lesion being confined to the cochlea. Case II. 2 
was deaf-and-dumb following measles. She married another deaf- 
mute and their normal son transmitted the condition to a grandson. 
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Fig. g6. Pedigree of dominant unilateral deafness. (After Smith) 


Dow and Poynter (1930) described a remarkable family of capable 
farmers in the Ozark region of Missouri with eighteen cases of deafness 
(all males) in four generations, the inheritance being that of a sex- 
linked recessive. According to Tinkle (1933) they were deaf-mutes. 
Normal mothers transmitted to half their sons. Four deaf sons married 
unrelated deaf women whom they met at a school for the deaf. All 
their children and grandchildren (14 c? ii 9) arc normal (the wives 
no doubt having a different form of deafness) but the condition will 
probably appear in the next generation. Of the entire family of 
157 members, 10.6 per cent were deaf. 

There is a strong indication that the autosomal gene for otosclerosis 
is in the same chromosome as the blood groups, and there should be 
no difficulty in testing this possible linkage. Jannuzzi (1929) found 
that in five different families the affected members (total fifteen) all 
belonged to the same blood group, but that the blood group differed 
from one family to another. Goekoop (1932) describes three sisters 
with the same fibro-angioma (a tumor containing fibres and blood 
vessels) of the petrous portion of the temporal bone and the middle 
ear, originating in the region of the Eustachian tube and no doubt 
determined by heredity. There were four normal sibs. 

Albrecht (1926) discusses the inheritance of many forms of deafness. 
M 6 nihe's disease is an inflammatory congestion of the semicircular 
canals, producing pallor, vertigo and aural and ocular disturbances 
and often called labyrinthine migraine. It is a relatively rare heredi- 
tary affection of the inner ear, probably caused by a defect of the vestib- 
ularis nerve. Hallpike and Cairns (1938) describe the pathological 
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changes in two cases of Meniere’s disease. The acoustic and equilibria! 
disturbances show certain peculiarities in the mode of onset, type 
and degree, and in their course during a period of years. They find 
that this labyrinthine disorder is due to infection in some cases. Otitis 
media or inflammation of the middle ear is a common condition in 
which the hereditary element is difficult to evaluate. It probably 
depends on susceptibility of the mucous membrane of the middle ear. 
Observations on monozygotic twins lend support to heredity, but it 
is difficult to say in what form the tendency to inflammation is trans- 
mitted from parents to children. 

Lundborg (1920) concludes that hereditary deaf -mutism is due to 
one Mendelian recessive factor, and rejects Plate's hypothesis of two 
factors. Acquired deaf-mutism may be either intra- or extra-uterine 
in origin. Hence congenital deafness is not always hereditary. Irish 
statistics of the year 1891 register congenital deaf-mutism as 76 per 
cent of all cases. In Norway (1897) the number was estimated by 
Uchermann (1897) 5^*9 percent, in Sweden (1904) at 40.8 per cent, 

and in the Malmohus district of Sweden (1919) at only 28.2 per cent 
(108 in 383). Government statistics of deaf-mutes (Washington, 1920) 
show that they are more frequent in Negroes than in any other race 
in the United States. 

Meningitis and scarlatina are said to be the most common causes 
of acquired deaf-mutism. In addition to the difficulty in distinguishing 
between genotypical (inherited) and phenotypical (acquired) deaf- 
mutism a statistical error is introduced by the fact that in small 
families the children may all be normals, even when the parents are 
heterozygous for the condition. Since these children are not added 
to the offspring of matings of heterozygotes, the result is more than 
25 per cent of abnormals. This can be corrected by applying the 
formula of Weinberg, and it then closely approximates to the expected 
25 per cent. 

From Fay's evidence of marriages of the deaf in America (1898), 22 
families had 4 to 9 children each, all deaf. The children numbered 112. 
Hence it appears that some genotypical deaf-mutes will have only deaf-mute 
children, and from this and other evidence it appears that the character is a 
simple recessive. The difficulty in all statistics on this subject is to distin- 
guish between genotypic and phenotypic deaf-mutism. Love (1920) also 
reaches the conclusion that sporadic congenital deafness is inherited as a 
recessive, from a study of an Ayrshire family which has branches in America 
and Australia. This family shows five affected generations descended from a 
common ancestor three generations further back. Horne (1909), in a study 
of deaf-mutism, says that the number of deaf-mutes in Europe is estimated 
at about i in 1350 of the population. In England the frequency (from 
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statistics of 1908) is i in 2043, Scotland i in i860, Ireland i in 1398. Seven 
pedigrees are recorded, but there is no separation of hereditary and acquired 
cases. 

Kraatz (1925), from a study of several pedigrees of hereditary deaf- 
ness due to deaf-mutism and otosclerosis and from the data of Fay 
(1898), where the records of 4471 marriages of the deaf, with 6782 
children, are given, concludes that deaf-mutism cannot be due to a 
single dominant, recessive or sex-linked factor, but that all the statistics 
except a few irregular ratios fit the theory of two recessive factors. 
However, lack of penetrance is a more probable explanation than two 
factors. As expected on the basis of two factors, deaf X deaf may give 
all normal children in some families. Manson (1928) gives two short 
pedigrees with five and three cases respectively in three generations, 
and the results, so far as they go, are in accord with this tentative 
hypothesis. 

Dahlberg (1931) made a further statistical analysis of Fay's exten- 
sive material. Intermarriages of the congenitally deaf produced 
683 children, of whom 29.4 ± 1.74 per cent were deaf-mutes. He 
concludes that they are produced not only by a single recessive factor 
in some families, but that at least thr^e different dominant factors 
are concerned. That different recessive genes are concerned is shown 
by the pedigree of Miihlmann (1929). A cousin marriage and an 
uncle-niece marriage each produced a (recessive) deaf-mute, but when 
these two married they had two normal sons. If the gene were the 
same in both families the children would all have been deaf-mutes. 
There are thus probably several different biotypes of hereditary deaf- 
mutism. 

Albrecht (1925b) points out the impossibility of determining the 
method of inheritance from purely statistical data, and classifies deaf- 
mutism into six types due to different causes, some types of the defect 
being inherited and some not. 

Graham Bell (1884) pointed out the dangers of intermarriage of 
deaf-mutes, so that deafness was the first trait to be studied from a 
eugenical point of view. Tinkle (1933) concludes that the inheritance 
of otosclerosis can be accounted for by a single pair of recessive genes. 
He would presumably account for the excess of affected females by 
the assumption that the female sex hormones render the ear more 
susceptible, but this does not appear to be an adequate explanation 
of the genetical conditions. Tinkle agrees with Kraatz that deaf- 
mutism results from the presence of two different recessive genes. 
Snyder suggested that the two genes, d and e, might represent low- 
hearing and high-hearing respectively, but audiometer tests showed 
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this not to be the case. Evidence from autopsies suggests rather that 
one gene controls development of the ectodermal part of the cochlea, 
the other, the auditory nerve and its ganglion. Persons who are hetero- 
zygous for ‘‘deafness” can hear perfectly on the audiometer, so the 
condition is recessive. Tinkle suggests that a third pair of genes 
controls the development of the middle and outer ear. He listed 
thirty-one families in Ohio in which both parents were deaf. They 
had eighty-nine children, 70.8 per cent of whom were deaf. 

Up to 1840, the vast majority of deaf-mutes were uneducated and 
unmarried. Now they are educated in special schools and usually 
marry deaf partners. This is probably a better course than marrying 
into a hearing family and so spreading the genes for deafness. Definite 
advice regarding the sterilization of deaf-mutes will only be possible 
when more is known regarding the genetics of these conditions. The 
Volta Bureau in Washington is a clearing-house for work on deafness 
and further investigations are urgently needed. That sterilization 
in some cases is desirable is indicated by the fact that a School for 
the Deaf in Pennsylvania is now educating the grandchildren of some 
of its former pupils. Alexander Graham Bell's warning has come true. 

Switzerland has the highest incidence of deaf -mutism in the world 
and Albrecht (1934) Hanhart (1938) have made some of the best 
studies of deaf-mutism and its inheritance. The frequency of deaf- 
mutes is o. 12 per cent in Switzerland against 0.023 per cent in Germany, 
or five times as high. Another estimate gives 45,000 deaf-mutes in 
Germany, one-third of them hereditary. In Swiss villages where there 
is inbreeding the rate may be 2 per cent or more. One village of 2200 
population had 44 deaf-mutes. Hanhart estimates that the latent 
carriers in Switzerland number over 100,000, or i in 40 of the popula- 
tion. He concluded that some 60 per cent of the deafness in Switzer- 
land was '‘sporadic,” many cases being deaf through cretinism. In 
Sweden, where there are few cretins, the ratio of congenital to acquired 
deafness is estimated at 100 : 67. Observations of Murray and Wilson 
(1945) show an association between deaf-mutism and goitre and 
cretinism. In three goitrous districts of Oxfordshire with a low iodine 
content in the soil water there were 28 deaf-mutes in a population 
of 36,635. In three non-goitrous areas there were only 5 deaf-mutes 
in 38,910. Some of the deaf-mutes have an enlarged thyroid and 
belong to goitrous families, but unlike goitre, both sexes are equally 
affected. Statistics of congenital deaf-mutism in Scotland {Brit. Med. 
J. ii. 437. 1945) show that 781 were born in the period 1918-37. They 
are most frequent in the north, north-east and the extreme south-west. 

A remarkable pedigree of simple recessive deafness compiled by 
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Hanhart is the Obwaldner family, which has been traced back through 
eight generations from 1918 to a single couple who married in 1641. 
All the descendants were normal, but with considerable intermarriage, 
until in the last generation six dif¥erent marriages (four of which were 
clearly intermarriages) almost simultaneously produced 9 cases of 
deafness (8 o’ i 9 ) with 20 normal sibs. The pedigree is too intricate 
and extensive to reproduce here, but its most striking feature is the re- 
cessive transmission through eight (in one line, nine) generations of 
normal ancestors from an original pair. Hanhart assumes that the 
mutation originated at this point, but as they were both normal the 
gene that one (or both) carried may have been transmitted through any 
number of previous generations. Thus it required three hundred years 
before the intermarriages between distant cousins finally brought out 
the recessive condition. Albrecht (1934) traced back a similar family in 
Kloten, near Zurich, to 1616. In the fourth and fifth generations of 
descendants from a single pair and collaterals there were seven cases 
of deafness in three families. From two of these deaf women, who 
married about 1750, are descended six subsequent generations with 
more than 374 known persons, none of whom have been deaf-mutes. 
Thus out-crossing has led to the disappearance of the condition. 
Isolation has been absent since the beginning of the nineteenth century 
and the family has since spread all over eastern Switzerland and into 
Baden and Wurttemberg. The evidence shows, however, that the 
gene remains unimpaired for any number of generations, ready to 
reappear whenever it meets a similar gene. Ulrich and Corrodi-Sulzer 
(1941) reproduce the whole pedigree through eleven generations and 
quote a number of documents from the eighteenth century, bearing 
on the deaf-mutism in this family. 

Hanhart finds another type of deaf-muteness in which there are 
changes in the form and structure of the ductus and sacculus. It 
may also be differently inherited. He finds that exceptionally laby- 
rinthine hardness of hearing can occur so early and of such high grade 
that it produces dominant deaf-mutism. Such a pedigree by Muller 
(1936) has II cases (5 o’ 69) in four generations, strictly dominant, 
slbships 10 affected : 9 normal. There was functional defect in the 
vestibular apparatus. Deafness is sometimes associated with retinitis 
pigmentosa and oftener with feeblemindedness, and the association 
is too frequent to be accidental. Many deaf-mutes are sterile and the 
recessive form is combined with infantilism and hypogenitalism. In 
one family of the Obwaldner pedigree deaf-mutism was combined 
.with heterochromia iridis on the same side together with Homer’s 
syndrome and strabismus. 
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That the condition of deaf-niutism can be produced by different 
genes is shown by a casse of Grohmann (1939). Both the parents were 
deaf-and-dumb but their ancestors were normal, indicating a recessive 
gene in each. Their daughter was normal, so the parents must have 
been carrying different forms of deaf-mutism. 

Kloos (1938) cites a neuropathic family in which the mother and 
mother’s mother had Huntington’s chorea; the mother’s sister and 
the father’s mother were hard of hearing. Of their eleven children, 
three were deaf-mutes, two feebleminded and six normal. Heterozy- 
gous hardness of hearing produced (recessive) homozygous deaf- 
mutism in three children. The Huntington’s chorea in Germany 
seems more variable than in the American families. 

Mende (1926) described a family in which the father had white hairs in 
his beard but was not deaf. His five children were all deaf-mutes. Two of 
these had children by other deaf-mutes, but only one in six were mute. The 
five children also had pigmentary anomalies, white patches on hair and 
skin as well as pigmentation of the neck, back, arms, hands and feet (not the 
piebald pattern) with much persistent lanugo on their backs, and mongoloid 
features. There were 19 deaf-mutes (<)<f 8 9 ) in four generations and 8 cases 
(6 of them deaf-mutes) of pigmentary anomaly. The latter appears to be 
dominant and the former is probably recessive as usual, with different genes 
for deaf-mutism in the spouses. A similar Hungarian family is cited, with 
lack of pigmentation in five generations. One deaf-mute couple had four 
children, one deaf-mute; another such couple had two normal children. 

A striking instance of hereditary deafness due to bilateral acoustic 
tumors is described by Gardner and Frazier (1930). The family, with 
217 members in five generations, included 38 bilaterally deaf members, 
15 of whom subsequently became blind through choking of the optic 
discs and secondary atrophy. The inheritance was that of a Mendelian 
dominant. In necropsy two were shown to have bilateral acoustic 
neurofibromata. The family had no case of von Recklinghausen’s 
disease, and the gene is evidently distinct, but perhaps an allele, its 
effect being definitely localized, the acoustic tumors arising on the 
vestibular portion of the eighth nerve. The gene also showed Increasing 
malignancy in this family. The onset of deafness was at about twenty 
years, but the average age at death from the disease was seventy-two 
years in the second generation, sixty-three years in the third, forty- 
two in the fourth and twenty-eight years in the fifth. This is equivalent 
to anticipation, and shows that the law of anticipation in some pedigrees 
may have a basis in fact. 

Prec6cht6l (1927) described a family with 15 cases (6cr8 9) of 
dominant deficiency of hearing in four generations. Six of the affected 
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in two generations had branchial fistula (fistula colli) as well, inde- 
pendently inherited, more frequent on the right side and always on 
the right when unilateral. This is an anomaly of the second branchial 
cleft, whereas the first branchial cleft, which includes the middle ear 
and adnexes, is associated with some forms of deafness. Paget's case 
also combined anomalies of the first and second clefts. 

It has long been known that pure white cats with blue or blue-giay eyes 
are invariably deaf. Sichel (1847) observed, however, that if the iris had 
even a spot of yellow pigment the hearing was normal. A cat whose eyes 
darkened at four months began to hear at the same time. Darwin {Animals 
and Plants under Domestication) observed that kittens are deaf during the 
first nine days when their eyes are closed. Bamber (1933) discussed these 
relationships and concluded that blue eyes and deafness are intimately 
associated with dominant white in both sexes. The cause of this correlation 
is still unknown, but all three conditions may be the pleiomorphic effects of 
one gene. Wolff (1942) shows that in such cats the organ of Cord is absent, 
as well as spiral ganglion cells. The deafness of white cats with blue eyes is 
therefore, as Darwin said, due to a slight arrest of development of the 
nervous system connected with the .sense organs. 

Hughson, Ciocco and Palmer (1939) made audiograms for air conduction 
and bone conduction of about 460 pupils in the Pennsylvania School for the 
Deaf. Complete lack of hearing ability was rare. Ninety-five per cent 
responded to at least one tonal frequency by air conduction in one ear, and 
85 per cent in both ears. In the great majority of these children the deafness 
was bilateral, acquired before the age of six years and about equal in both 
ears, and there was no relation to sex. Fifty-four per cent were stated to be 
born deaf. Meningitis, trauma of the head, measles, otitis media and scarlet 
fever were stated to produce about half the cases, meningitis alone account- 
ing for 17 per cent. No relation was found between auditory thresholds and 
the stated cause of deafness. Ciocco, Hughson and Palmer (1939) found 
that the auditory acuity of forty pairs of siblings differed significantly less 
than in forty pairs of unrelated children. 

Adachi (1937) finds that the stickiness or dryness of ear-wax as well 
as the odor, of axillary perspiration are racial characters. Mongoloids 
have dry ear-wax with little or no odor, while axil (arm-pit) odor and 
sticky ear-wax are inherited as a dominant in the Japanese. This condi- 
tion is found in 100 per cent Negroes and Ainu, in 50 per cent of Ainu 
X Japanese. It is present in over 70 per cent of Europeans, 53 per 
cent of lyiicronesians, 50 per cent of Formosans, 10 per cent of Japanese, 
3 per cent of Chinese, but not in Tungus or Kalmucks. Both ear and 
axillary secretion are connected with the sweat glands, which are more 
numerous in the arm-pits of those who have axillary odor. The domi- 
nant gene. A, is not related to skin color and is not linked to the blood 
groups. Burton (1865), in reference to the Dahoman Negro tribes of 
West Africa and their crosses with Mohammedanized tribes in Africa, 
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says 'The earliest distinction between the negro and negroid consisted 
not in external features but in smell. That was the best test, and the 
difference was occasioned by a different development of the sebaceous 
glands.” 

Liischer (1940), using a method of examining the tympanum micro- 
scopically in vivo, compared MZ twins and concluded that the character 
of the tympanum is determined by heredity even in its finest details. 
In a further study (1944) using an ear microscope which magnified 
10-20 diameters, he compared the tympanum in 9 pairs of MZ and 
9 of DZ twins. He finds that normal tympana comprise a series of 
well defined heritable types. No two persons have the same eardrum 
pattern. The differences, relating partly to the epithelium but mainly 
to the mesodermal middle layer, are said to be as characteristic as the 
finger prints. In DZ twins the eardrums generally belong to the same 
types, whereas in MZ twins they agree also in the smaller details. 
Thirteen character differences were used in this study. The mucous 
membrane of the middle ear may be defective or may show little 
resistance to infections. A pair of MZ twins showed hereditary degen- 
eration of the ear drum. 
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ALBINISM 


I T IS a general rule in human heredity, though not without excep- 
tions, that the more extreme form of any mutation is recessive, 
the less extreme gene being dominant in inheritance. A survey of 
the recent work on total and partial albinism leads to the view that 
while total albinism is generally a recessive condition (as already 
known), partial albinism in the form of piebaldism, spotting, a white 
blaze in the forehead or other forms of albinismus conscriptus are 
dominant, but not alleles of albinismus totalis. 

We may deal first with complete or total albinism. This condition 
varies, especially as regards eye pigmentation, but we may include 
in it all cases in which the skin color is more or less uniformly white 
and the hair white or cream color. These are the usual albinos. Typi- 
cally the skin and eyes are pigmentless, including hair, eyebrows and 
eyelashes. They often show strabismus, refractive anomalies, nystag- 
mus and photophobia, but traces of pigment are nearly always present. 
In albinos of the colored races the iris is less transparent and they 
frequently have blue eyes or even light brown. Davenport and Daven- 
port (1910) published three families in which two albino parents pro- 
duced only albino children — a total of four, and refers to another 
albino pair- with five children, all albinos, thus confirming the recessive 
character of complete albinism. One of the albino mothers appeared 
in a Negro family, and as she had an albino child by a white albino 
we may conclude that the gene for albinism in the Negro is the same 
(and probably in the same chromosome locus) as in the white race. 

Crosses between Chinese and various Malayan types in Celebes 
and the Philippines not infrequently produce albino children, indicat- 
ing that the recessive gene for albinism in these two races is the same. 
Complete albinism appears to be found in all races, perhaps repre- 
sented by the same gene. But the frequency of this gene varies greatly, 
from, perhaps 7 per 1000 in the San Bias Indians of Darien to 5 per 
1000 in the Hopi Indians, i per 10,000 in Norway, i in 29,000 in 

272 



ALBINISM 


275 


Italy and i in 100,000 in France and Russia. This may depend on 
differences in the mutation frequency, but as to the causes of such 
differences there is no evidence at the present time. That they exist 
must, however, have some evolutionary significance. It supports the 
general view (Gates, 1936) that differences in mutation rates arise 
within a species or a group of related species. While total albinism 
is generally recessive, Cockayne (1933) finds that the recorded cases 
number 780 males and 629 females. The large excess of males supports 
the view that albinism is a sex-linked recessive in some families. 

It is also found that about 20 per cent of the parents of albinos are 
cousins. This corresponds to a frequency in the white population 
of ca. I in 200,000. But as albinism is far more common than this, 
it follows that there are probably different recessive genes in the popu- 
lation. Pearson reckoned the frequency of albinos in Britain at i in 
20,000. With random mating, i in 283 would then be heterozygous 
for the gene. 

Albinism is known in most races and probably occurs in all. In 
Germany, out of nearly four million children dealt with, about four 
hundred had “white hair.” This would give a frequency of i in 10,000. 
A similar proportion was found in Norway. Of the 400 only 32 had 
“red eyes,” hence only one complete albino in 200,000, but the true 
prevalence may be greater. In Austria, from statistics of insane 
albinotics, it was estimated that i in 400, or i in 2000 of the population 
were albinotics. This very high estimate may be due to linkage or 
perhaps merely chance association between albinism and mental de- 
rangement. 

In Scotland, 100 to 150 living albinos were recorded from about 
half the population. This indicates a frequency of i in every 15,000 
to 25,000 inhabitants. Less satisfactory records are available from 
many other countries and races. 

Illustrations of one albino family are given by Davenport (1916). 
Zimmermann (1923) described five families with twelve typical total 
albinos (recessive) and three families with thirty-one cases (dominant) 
of “albinoids.” The latter differed from full albinos only in that the 
skin and hair were slightly more pigmented, the iris not pink and the 
hair not so fine. They all had weak eyes and photophobia. Thus the 
difference between the dominant and recessive forms can be quite 
small. Two sporadic cases of partial albinism were also described. 

A recent careful paper by Pipkin and Pipkin (1942) describes five 
families of Negro albinos in Texas with a total of nineteen albino 
members. In three pedigrees the condition was recessive, in one (with 
eight cases) dominant and in one (six cases) an irregular dominant. 
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There was no difference in pigmentation between the dominant and 
recessive forms. It thus appears that total albinism can occasionally 
be dominant in the Negro race and nearly total albinism at least can 
be dominant in the white race. These authors cite several other records 
of albinism. In the eleven Negro albinos examined, the skin was 
very fair, frequently developing very marked freckles and in certain 
cases lesions of the skin from exposure to sunlight. The hair color 
varied from almost white to canary yellow to reddish, and the iris 
from blue to hazel to cinnamon-brown, but even those with brown 
eyes suffered from photophobia. The pupils were black in natural 
light except in one case when they were purple. All showed nystagmus, 
and strabismus was common. The same authors (1943) find that in 
the Negro family with dominant albinism a pit in front of the ear 
(q.v.) is also dominant, and there are indications of linkage between 
the two conditions. The kinky hair of eight of these albinos was 
studied (1944). It ranged in color from pale straw to yellow and 
reddish, but showed no unusual fineness of texture. 

That albinism can also be recessive sex-linked in inheritance is 
shown by four pedigrees in the extensive Pearson monograph (1913). 
They contain a total of thirty-four cases, all males, the transmission 
being through their normal daughters to half the grandsons. In these 
families the albinism was not quite complete. In the largest family 
five albinos had nystagmus and five had not. The hair was nearly 
white to yellowish in babyhood, becoming light mouse-color in the 
adults. The eyes were gray-blue but showed pink because of deficient 
choroidal pigment. The other families were similar, but in one the 
albinos had myopia and astigmatism while in two other families they 
were hypermetropic. Evidently in all these families a gene is present 
which is distinct from that for ordinary recessive albinism. Thus 
albinism joins the list of those human characters which can be inherited 
in three ways — dominant, recessive and sex-linked. Hogben (1931) 
showed that in recessive pedigrees of albinism an excess of affected 
males is recorded. He suggested that possibly the gene is semilethal 
in the female, but not in the male. Haldane (1938) suggests that the 
explanation is a social one, that male albinos are more likely to be 
met outside their homes and thus become probands. The excess of 
males would be explained, however, if in some of the supposed recessive 
families the gene were really sex-linked. 

Wlissidis (1928) described a family with four albinos (all males) 
having white hair and eyelashes and pink eyes, and twenty-three 
blonds in five generations. The parents of the albino (two families) 
were all dark, not blond. Blondness is inherited as a recessive to dark. 
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except that in one family two blond parents had three blond and two 
dark children, and in another, a blond and an albino had one dark 
and three blond children. The albinos were affected with nystagmus 
and were myopic. There may be a greater frequency of albinism in 
very fair families, but albinos also arise from parents with dark brown 
or black hair. Possibly blond hair is genetically linked with the gene 
for albinism. Ebstein and Gunther (1914) described a family with 
6 cases of total albinism (5 c? i 9 ) and seven normal sibs. The father 
had dark brown hair and brown eyes, the mother dark blond hair and 
blue eyes. A family with dominant partial albinism (ten cases in 
four generations) is also recorded — a white forelock and white mark- 
ings on the body. 

Lange (1935) described a German family with ten cases of recessive 
albinism in four generations, five cases of insanity, two of idiocy and 
four of blindness. Waardenburg (1932), in his monograph, gives an 
extended account of albinism with special reference to the eye. He 
finds that each component of the albinism syndrome can occur as a 
separate hereditary anomaly, i.e., lack of pigment, absence of macula 
lutea, nystagmus; yet a single gene with different manifestations 
(polyphany) is involved in total albinism. Albinism may also be 
confined to the eyes without affecting the hair or skin color. Gamble 
(1924) records several cases and one is recorded from Japan. A boy 
with albinotic eyes had light brown 
hair and normal skin color. Many al- 
binos are myopic through a lengthen- 
ing of the axis of the eye. Waardenburg 
(1935) finds that in some cases at least 
the heterozygous parents of albinos can 
be recognized by an abnormal trans- 
parency of the iris. He cites the case 
of Swab (1931), in which a white man, 
by incest with his daughter, whose 
mother was a negress, produced an 
albinotic idiot son. 

Sanders (1938) made an extensive 
study of albinism in Holland, collect- 
ing 140 families with 216 albinos. The 

ancestry was traced back in some cases , . , 

, Ftg. 07. Pedigree of recessive al- 

ten generations, or even more, by means binism. (After Sanders) 

of the church books. A typical pedi- 
gree is shown in Fig. 97. In all cases consanguinity is present in the 
ancestry, with frequently repeated intermarriages. These albino fam- 




276 


HUMAN GENETICS 


[lies show fifteen times as many consanguineous marriages as the gen- 
eral population, the rate of the latter being 6.5 per 1000 marriages. 
Two families carrying recessive albinism had each two cases of a 
white lock of hair — probably a separate dominant gene, apparently 
not an allele. 

A family in which albinism was carried as a recessive for five genera- 
tions is described by Sedgwick (1861) (Fig. 98). One of the original 
ancestors of generation I must have been carrying albinism as a reces- 
sive. The wife of II. i must have been in the same condition. Their 
daughter (III. i) was the only descendant of this son to show albinism. 


I □ XO 



6 5 6 an 66 6 66 


Fig. gS. Pedigree of recessive albinism. (After Sedgwick) 

The two grandsons, III. 2 and III. 3, married sisters, both of whom 
apparently carried albinism recessive. Number III. 3 had seven 
normal sons, five of whom married, but only one of them had albino 
children. This family numbered three normal sons, and nine daughters, 
four of whom were albinos. The mother again must have carried 
albinism as well as the father, if the condition is, as usual, a strict 
recessive. 

The term albirwidism or leucism has been applied to dominant 
albinism, which is slightly less extreme than recessive albinism. 
Affected individuals have photophobia but no ocular defects, the 
hair and skin being slightly darker but the texture of hair less fine 
than in pure albinos. The eyes may be blue or gray or, in Pearson’s 
families No. 621 and 352, pink and showing nystagmus. In the latter 
families some members were indistinguishable from recessive albinos. 

The elaborate monograph on albinism in man, by Pearson, Nettle- 
ship and Usher (1911-1913) was a detailed treatment, giving not only 
a fully illustrateci description of the external features and the histology 
of the skin and eye pigmentation in albinotic individuals, but also 
dealing with the history of the subject. Pearson divided albinotics 
into six classes, but his categories are not genetic. Albinism is described 
in many native races and peoples. 
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Some of the earliest records are given by Parsons (1766). Two 
black Negro slaves from 300 miles inland from the Gold Coast were 
taken to Virginia in 1755. Their first child was an albino with white 
woolly hair. They afterward had two black children. A similar 
case of a white (albino) Negro girl from black parents was shown in 
London four years previously. The same author cites the following 
cases : 

About 1746, two black slaves in Virginia had a white (albino) child. 
The father belonged to a family which had produced an albino child 
in several previous generations. 

In York, a black man married a white woman and they had an 
‘‘intensely black” (not ‘‘tawny” or mulatto) child. In another such 
marriage in London in 1747 the child was white but Its right buttock 
and thigh were black. In another case, a boy born of black parents 
on the Spanish main was ‘‘mottled all over with black and white 
spots.” Several copies of his portrait were made. The author also 
refers to Wafer’s account of white Indians {vide infra). 

Several cases of white-spotting in Negroes, similar to the classical 
types seen in paintings of the eighteenth century, have been described 
In modern times. Pearson (1913) contended that they arise de novo 
when a white-black cross or mixed race is crossed back with a pure 
white or black. Only rarely do such crosses yield a spotted type, and 
it now appears probable that this is due to an invisible spotting factor 
carried in certain white persons and determining the fairly definite 
pattern which usually appears. If this pattern factor is ever present 
in the Negro race, it should produce spotting without a previous cross, 
but I know of no such case. My former hypothesis of a dilution effect 
on the pigmentation (Gates, 1929) does not account for the definiteness 
of this pattern. Beginning as a blaze in the forehead, with spotting 
of the arms, the back and the extremities are largely black with albi- 
notic patches in the epigastric region and often broad “garters” about 
the knees. In certain cases there appears to be some extension of the 
pigmented areas as the child develops. The Honduras piebald (Pear- 
son, 1913) had five normal mulatto siblings. His mother combined 
Mexican and Negro blood, while the father was pure Negro. 

An early record of pied individuals is found in a paper by J. Morgan 
(1786) in Philadelphia, but they were described as early as Ptolemy 
and Apollonius. A girl two years of age born in St. Lucia, West Indies, 
had a clear black skin verging to brown, except for a white spot an 
inch wide on the forehead, extending from the root of the nose upward 
into the hair, which was also white on this area but curly like that of 
a Negro. There was a large black spot in the middle of the forehead. 
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The inner half of each eyelid was white and there Wcis a white spot 
on the chin. The upper and middle arms were white with black spots ; 
the breast, abdomen, arms and thighs were mostly white. This is 
fairly typical of the classical piebald marking. 


■ V 



Fig. gg. Pedigree of congenital white spotting in Negroes. (After Keeler) 

Another case is cited of a boy two years old born in Guadeloupe 
from a negress and a white man. The father had spots of deeper white 
on his body and the son showed the same distribution of spots. I'he 
father’s mother and one brother had the same markings. This case 
of inheritance of a spotting pattern in a white family seems to explain 
the others. 

In the case recorded by Simpson and Castle (1913), the spotting 
originated as a novelty — a spotted woman bom from ordinary 
mulatto parents in Louisiana in 1853. No case of spotting had pre- 
viously been known in that part of the country. She married a normal 
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black Negro, and their children numbered fifteen, eight spotted like 
the mother, and seven normal, but varying in depth of color as is usual 
with mulattoes. Hence she was heterozygous. A fuller history of 
the later generations is given by Keeler (1934). The piebalds number 23 
(qc? 12 9 ) in four generations (Fig. 99). They travelled in exhibitions. 
The father of IV. 6 is an Italian. The pigmented parts of her skin 
are lighter than in her relatives but the pattern is very similar. The 
inheritance is dominant, sibships numbering 24 piebald : 1 1 normal, 
a large excess of piebalds. The condition arose in II. 5, either as a 
mutation or, more probably, her father was a white piebald whose 
latent markings were not noticeable except on a colored skin. 

The piebald condition is stable; Stannus (1913) also recorded its 
transmission in Nyasaland for two to five generations, appearing in 
nine individuals is one native family. 

Seligman (1902) described a Papuan family with two albino girls 
and a piebald boy in three generations, the inheritance recessive. 
The hair of the albinos was tow-colored, the skin from pink-white 
to caf6 au lait, the eyes greenish, hazel or brown and there was no 
nystagmus. He cites other cases; Finsch saw in New Guinea a family 
with three cases of whitish-brown hair, blue eyes and skin color like 
that of Europeans. The Challenger expedition in Fiji saw an albino 
boy with white skin and pale gray eyes. The United States e.xploring 
expedition saw in Fiji in 1840 a man with “dirty white” skin marked 
with small brown spots, hair pigmented, eyebrows and lashes flaxen, 
iris blue. The same expedition saw near the Ellice Group two in a 
family with reddish white skin, hair flaxen, eyes light blue and large 
brown freckles (Nordic type). From these and other records it is 
clear that albinos of the colored races generally have more iris pigment 
than albinos of the white race. They are probably recessive in inher- 
itance, but in the light of Zimmermann’s records some of them might 
be dominant. They are by no means a uniform group but probably 
a series of alleles, some of them illustrating how the white race arose 
from colored ancestors. The relation of eye color to hair and skin 
color in albinos of different races requires much further genetic study. 

Several other cases may be added. Burton (1863) described in Accra, 
W. Africa, a “semi-albino” with skin caf6-au-lait, hair yellow, short and 
woolly, eyes brown; and several others in Benin. Boyle (1865) writes of a 
native in Borneo with dirty-white skin color with large freckles, eyes pale 
gray and hair “of no known color.” This condition was said not to be rare. 
The parents were normal but a brother and sister and several ancestors were 
albinos. Biegel (1868) described a man in London suffering from progressive 
muscular atrophy, whose skin became spotted with black in the pattern of 
negro piebalds, A latent spotting pattern was probably present. Atgier 
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(1910) described an albino negro from Dahomey. His relatives were all nor- 
mal. His skin was rosy white, hair yellow but woolly, iris blue. He had 
photophobia and was very myopic, with lateral nystagmus. The author 
mentions a pied negro and cites (i) a black couple having four albino chil- 
dren, (2) another negro couple with 8 children, four albinos. 



Fig. 100. Albinism inherited in crosses between French and 
Negroes. (After Christianson) 


Christianson (1941) observed two families of complete albinos (pupils 
reddish and complete absence of pigment from eyes, hair and skin) 
in the Seychelles. They also had nystagmus, photophobia and myopia 
but no mental defect. In family A the father was an albino, his father 
being of pure French descent and his mother of Malgache stock from 
Madagascar (Fig. 100). The wife (III. 3) was of Negro stock from 
Africa. Five of their six children were albinos, from which it appears 
that their father’s albinism, although complete, was probably dominant. 
The B family was of the ordinary type, with one albino in a Negro 
family of seven children. Many more accurate records of albinism 
will be required before the racial genetics of this condition can be 
clarified. 



Fig. loi. Inheritance of albinism and twinning. (After Windle) 


A pedigree (Fig. 10 1) of albinism has been constructed from state- 
ments of Windle (1935) regarding a Mexican family on Santa Catalina 
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Island, California. Case VI. i is a full albino with white hair and 
pinkish eyes. Case I. i was an albino and it is said that two of her 
children were albino mosaics, the girl having half her hair white and 
half black, with one blue eye and one black. The boy’s hair is said 
to have been divided in the same way but both his eyes were “black.” 
Although such mosaics are very rare. Bond (1912) recorded a case 
in which, in two of the nine offspring of an English woman with straight 
brown hair and a West African Negro, kinky hair occupied the sides 
of the head and the straight hair of the mother a patch on the vertex. 

Pardo-Costello (1926) described a family with ii cases (6c? 59) of con- 
genital partial albinism in four generations. The condition consists of milky 
white patches on the skin, irregularly distributed and often symmetrically 
placed, the distribution being more or less the same in all members of the 
family. The individuals were otherwise normal. The inheritance is that of 
a Mendelian dominant, but the sibs of three generations number ten 
affected ; five normal. 

In an English family the inheritance of a white forelock has been 
traced through six generations by Harman (1909). The white forelock 
is accompanied by a patch of white skin spreading like a flare down 
the middle of the forehead. In some members of the family there are 
also patches of pure white skin on the median line of the trunk or 
the inner sides of the calves. The eyes were normal, with no white 
eyelashes or parti-colored irides. The members of the family are long- 
lived and robust, but have a tendency to early whitening of the hair. 
This piebald marking was found in 24 individuals belonging to 9 child- 
ships among a total of 138 individuals in the 6 generations. The 
children of normals were all normal. 

Pearson (1921) has since described another very similar case, with 
a white patch or flare on the forehead and hair. In this family there 
were seven affected members in four generations. This family also 
goes gray very early, and there is some tuberculosis but no consan- 
guinity. This feature resembles the white “star” marking often seen 
in the forehead of horses and cattle, and frequently accompanied by 
white markings on the extremities. In this family the original great- 
grandmother in the pedigree must have been heterozygous. In the 
succeeding three generations the numbers of members which were 
normal or flared were 13:6. This is a rather wide departure from the 
I : I ratio expected if the trait were a simple dominant, the odds 
against its occurrence being 17.5 to i, but it is not statistically signifi- 
cant. Since unaffected members never transmit the flare, it cannot 
be a regular recessive. 
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The occurrence and inheritance of a differently colored, usually white, 
patch of hair, is a fairly common phenomenon. Darwin {Animals and Plants 
under Domestication, Chap. XII) cites an English family in which “for 
many generations some members had a single lock differently colored from 
the rest of the hair,” and an Irish family in which a small white lock occurred 
in son, mother and grandmother. 

Cockayne (1914) states that piebalds are very uncommon both in 
black and white races. He described a piebald English family of six 
generations with nineteen affected members, belonging to a farming 
stock near Bury St. Exlmunds, Suffolk. Some members of the family 
are fair and some dark (brunet), but both inherit the peculiarity, 
which consists of a blaze in the forehead. Three members of this 
family have heterochromidia iridis, and some have extensive white 
patches of skin on the body. In the last four generations of affected 
families the total numbers are seventeen having the flare to twelve* 
normal. This is in general accord with Pearson’s case ; but the excess 
is on the other side and is not significant in either case. Cockayne 
(1935) has described another piebald family from Suffolk, with 12 cases 
(3 o’ 9 9 ) in four generations. They have a frontal blaze with patches 
on the forehead, arms and legs. Most of them have light eyes and fair 
hair while most of the normals have dark eyes and hair, so there is 
probably linkage between fair complexion and piebaldness. 

A family with a white forelock occurring in four generations has 
been described by Holmes and Schofield (1917). This lock occurs 
in the centre of the fore part of the scalp, the region affected being 
quite small (size of a florin). Heterozygous females do not show the 
mark. The character is then dominant in males and recessive in 
females (see Fig. 102), like the inheritance of horns in crosses of a 

I 

II 

III 

IV 

Fig. 102. White forelock dominant in males and recessive in 

females. (After Holmes and Schofield) 

breed of sheep in which only the males have horns with one in which 
both sexes are hornless. It must be autosomal as fathers transmit 
it to sons, and it cannot be in the Y because daughters transmit it. 
In a white forelock family, described by Pearson, Nettleship and Usher 
in the monograph on albinism in man, the white lock occurred only 

' One of these is doubtful. 
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in males, but was transmitted through females, skipping a generation 
in each case, hence sex-linked. 

An extensive pedigree of a white-lock family is given by Miller 
(1915). The condition was traced through six generations, including 
203 individuals. Dr. W. B. Little, whose mother is known to have 
had the lock, emigrated from Carlisle, England, to New Brunswick, 
Canada, about 1824, and his descendants through four generations 
show the white lock or flare. Some members of the family also have 
one or more colorless spots on their bodies. The condition behaves 
as a simple dominant, the numbers being 51 normal : 45 with the flare. 
Where both parents are normal all the children are the same. This 
family traces its origin back through the Percys and Mortimers to 
Edward III. That the white lock is, at least, as old as the family of 
Harry (Hotspur) Percy is known by the tradition that the white lock 
originated in connection with his death at the battle of Shrewsbury 
in 1403. When the news of his death reached his wife, she is said to 
have swooned and to have given birth shortly afterward to a son 
bearing a white patch on his forehead. One member of the family 
has found from other records that the patch goes back at least to the 
Percys. It happens, also, that Lady Percy was an albino. But albinism 
and a white lock appear to be in separate loci, the latter much more 
frequent. 

Meirowsky and Spickernagel (1926) described an albinotic family in 
which the same pattern of white patches on skin and hair could be traced 
through five generations and appeared as birth-marks. The inheritance was 
dominant. 

The earliest record of an inherited white forelock is that of Rizzoli (1877), 
who described an Italian family with 19 cases (8c? ii 9 ) in six generations. 
The sibships numbered 16 affected : 14 normal and the pedigree shows it 
to be a strict dominant without skips. 

Sanders (1934) described 20 cases of white forelock combined with 
white spots on the breast and legs. The inheritance was strictly domi- 
nant in this family and also in two other Dutch families (Sanders, 
1935), one showing 15 cases (70? 8 9) in six generations. From seven 
other papers the sibships numbered 159 spotted : 151 normal. Nussey’s 
(1938a) piebald family was the fourth recorded in England. A blaze 
in the forehead is combined with unpigmented patches of skin on 
the forehead, stomach and legs. There were 21 cases (i2c?' 99) in five 
generations — a strict dominant. Nussey (1938b) also records a prob- 
able mutation of white forelock (Fig. 103) in a boy of ten whose parents 
were unrelated. The condition is unknown in the family of either 
parent ; the father had 14, the mother 6 sibs. The central blaze in the 
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forehead hair arises from unpigmented skin, only the adjacent parts 
of the forehead being unpigmented. Pearson recorded another 
mutation. 

A large family with white forelock and unpigmented spots on body 
and limbs is described from the Bergen district of Norway by Sundfbr 



Fig. loj. White forelock mutation in a boy of ten. 

(After Nussey) 

(1939)- Iri a strictly dominant pedigree there were 42 piebald descend- 
ants with 30 normal sibs in four generations. The original male 
had only normal ancestors and sibs, and must have been a mutation. 
The white hair is in a triangle with its base at the forehead and its 
apex toward the crown. Occasionally it extends to the vertex or is 
reduced to only a few white hairs. The skin of the central forehead 
is frequently unpigmented and sometimes this extends to the eye- 
brows. Spots on the body only ^‘come out^' after exposure to the sun, 
but the hair on these spots is white. Absence of white spots accom- 
panying a white forelock can then only be proven when the body has 
been exposed to tanning. The original mutant was born in 1836, and 
the family tradition accounts for it by the folk-theory that his mother 
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was frightened by a white horse before he was born. A family in 
Nebraska recorded by Fitch (1937) has 12 cases (801^49) in five 
generations with strict dominance. The white forelock has been trans- 
mitted since the middle of the eighteenth century and is often accom- 
panied by a few white spots on the body. 

Thus it is clear that a white forelock with a white spotting pattern 
of the skin is fairly common — sufficiently so to account for a piebald 
pattern occasionally occurring in crosses with negroes. 

That white forelock is also inherited as a simple dominant in a 
cross with the black race, is shown by the pedigree of a German slave- 
owner in Virginia, who had children by various Negro concubines 
(Cromwell, 1940). He had a white forelock and the hybrid descendants 
from his mating with one Negro woman show 13 with the forelock 
to 19 without it, in four generations. The descent is dominant, with 
one skip. In some cases the white patch extends over the forehead, 
but there is no evidence as to whether any of them had body patches. 
White forelock and the piebald skin pattern may be alleles. 

As regards the racial distribution of albinism, there are several records, 
especially in American Indians, of tribes with a number of '‘white Indians.” 
The Pearson monograph cites them. In connection with Dampier’s expedi- 
tion to Darien in 1681, there is a long and circumstantial account of the 
‘‘white Indians,” who could see better by moonlight, etc. There is a similar 
record for Brazil in 1775. Cortez, in connection with the Spanish conquest 
of Mexico, described Montezuma’s palace as containing an entourage of 
albinos. In a similar way, in the Middle Ages, fools and dwarfs were con- 
sidered a desirable accessory to the retinue of kings and nobles. As late as 
1841, Catlin (1926) described a ‘‘white Indian tribe” in Upper Missouri 
containing many albinos. It appears that albinism is now most frequent 
among the Indians of Arizona and Mexico. Poole, in 1872, reported light- 
haired and fair Indians from Queen Charlotte Islands (Haida) and British 
Columbia. 

The most striking case of albinism on record is that of the so-called 
white Indians of the San Bias coast and Darien. The earliest full 
account of them is by Wafer (1699), and the fullest recent description 
is by R. G. Harris (1926). Shrubsall, Haddon and Buxton (1924) 
published notes on their observations of several individuals and Harlan 
(1932) gives an illustrated account of them. They are a ‘‘race"' of 
partial albinos, originating through mutation and perpetuated by 
inheritance, their peculiarities being recessive to the type. Their skin 
is white, with large freckle-like copper-colored spots. The hair may 
be yellow or may even show traces of brown. The iris is hazel, dark 
blue, or dark violet. They are strongly photophobic and so are at a 
great disadvantage by day in strong sunlight, and they are generally 
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smaller than the type. In 1924 several were brought to the United 
States and Canada, where they were studied by anthropologists. 
Although marriages between albinos are prohibited by the tribe, and 
“white” women rarely marry brown men, yet they have persisted in 
numbers for at least three centuries. It is instructive to know that 
a recessive condition can persist and spread in a population in this 
way even although it is under serious natural disadvantages and is 
further prevented from increase by tribal law. This is possibly a case 
of “drift” (Sewall Wright). 

There are said to be over 300 such white Indians. In a population 
of 20,100 Indians, Harris found 138 albinos, a frequency of 0.7 per 
cent. There is reason to suppose that the peculiar types among the 
Mandan Indians in North America may have originated and spread 
in similar fashion, although the possibility of early Nordic influx is 
not wholly excluded. We are thus furnished with an example of a 
racial color type of man in the making. Harris examined 309 offspring 
from matings of light brown and very light brown individuals, who 
were regarded as most likely to be heterozygous, and obtained 14.2 per 
cent of whites. The deficiency from 25 per cent may be due partly 
to their lesser viability under tropical conditions, but the pedigrees 
are consistent with a single genic difference and the light brown are 
probably not to be identified with heterozygotes. 



Fig. 104. Premature whitening of the hair. (After Hare) 

Early graying (canities praematura) is a physiological inherited form 
of partial albinism. Hare (1929) described a family (Fig. 104) with 
9 cases (40? 5 9 ) in five generations, inheritance dominant. In affected 
individuals the hair begins to turn gray at seventeen or eighteen and 
is white at twenty-five to twenty-six. Serebrovskaya (1929) has seven 
pedigrees with fifty cases. She finds two types, (i) spread evenly over 
the head, (2) localized at the temples. Both are controlled by a domi- 
nant autpsomal gene. Woelfflin (1938) has four short pedigrees of 
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dominant early graying. Whether in brown or blond hair, the change 
occurs equally early. Plummer (1937) cites a family in which one 
male in three successive generations turned white at about twenty- 
five years of age. The women were unaffected. It is claimed (Sieve, 
1941) that the ingestion of ^-amino benzoic acid will cause the repig- 
mentation of hair. Black rats on a diet which is low in copper decrease 
their pigmentation to a silver gray (Gorter, 1935). Copper added to 
the diet restores the color. It probably acts as a catalyst in melanin 
production. 

Albinism in Animals 

That albinism is of very widespread occurrence in animals is well 
known. Such cases only will be referred to here as appear to have a 
bearing on the genetics of albinism in man. Other cases are referred 
to elsewhere (Gates, 1929). Albinos are described in a herd of Holstein 
cattle from Minnesota and Wisconsin (Cole, Van Lone and Johansson, 
1934). At birth they were practically devoid of pigment, but they 
gradually developed some pigment in iris and hair, the coat becoming 
creamy. There is also a ghost pattern of white spotting which is 
inherited independently of albinism. They showed photophobia but 
their milk production was normal. The albinism in this herd was 
recessive and probably came from the same original mutation as that 
of another herd in southern Minnesota. Petersen et al. (1944), in a 
further study of albinism in Holsteins, Guernseys and Ayrshires, show 
that the ghost pattern gene probably produces its effect only in presence 
of the gene B, for black. In the ghost pattern area there is no difference 
in pigmentation but these hairs have a smaller medulla in females 
and none in males. In the Museum in Para, Brazil, I saw the skin of 
a black (melanic) jaguar in which a ghost pattern could be seen in 
an oblique light. 

Piebald patterns are very widespread in domestic animals, such 
as horses, cattle, rabbits, dogs and cats and some breeds of sheep and 
pigs. The type of piebaldness varies from species to species, but it 
appears that in most domestic animals there is a dominant and a reces- 
sive type of piebald. In cattle, rabbits and sheep these are morpho- 
logically different. 

Klemola (1933) describes three types of piebald pattern in horses: 

1. A white blaze in the forehead with white muzzle and “socks.” This 
is very common, is recessive to self-color and its heredity is complicated, 
with many genes and modifiers. 

2. Piebald or skewbald, in which the white areas are mainly dorsal. 
This is dominant to self-color and is seen mainly in pampas and prairie 
horses and Shetland ponies. 
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3. Recessive piebald or splashed white, the colored areas mainly dorsal, 
the head generally white, with a ‘‘wall" eye. The dominant and recessive 
piebald patterns are more or less complementary in white distribution. 
The wall eye may be simply an unpigmented area extending to the iris, or 
it may be a separate gene dominant to splashed white. Probably self-color, 
dominant and recessive piebald and wall eye represent four allelic genes. 
In man, the piebald pattern appears to be always dominant. Some Shetland 
ponies are homozygous for the dominant spotting pattern. 

In various animals albinism is linked with other features. In love birds 
(Kokenmiiller, 1936) total albinism is sex-linked, so the recessive gene is 
located in the X-chromosome. Incomplete albinism is also a sex-linked 
recessive in the turkey (Hutt & Mueller, 1942). This gene leaves some pig- 
ment in the iris, but the birds are blind and 75 per cent of the females (which 
are heterozygous) die. A similar condition is found in fowls, but the retina 
is pigmented, the vision is not affected and the condition is not sublethal. 
Hutt and Mueller (1943) record three recent independent but identical 
albino mutations, all apparently in the same locus of the X-chromosome, 
in different breeds of fowls. Similarly the gene for white eyes is sex-linked 
in several species of Drosophila but is autosomal in two other genera of flies. 
We may suppose that in birds, unlike mammals, the gene for albinism is 
generally in the X-chromosome. 

In the mouse, W. H. Gates (1931) has shown that the genes for 
albinism, shaker and pink eye are all in the same chromosome in that 
order, the cross-over value between shaker and albinism being 2.91 
in the cf to 4.1 1 per cent in the 9, while shaker and pink-eye show 
a cross-over value of 14.7. Shaker resembles Huntington's chorea in 
man and might be regarded as a parallel mutation, but shaker is 
recessive while Huntington's chorea is always dominant. The occur- 
rence of albinism in any family with Huntington's chorea should make 
it possible to determine whether they are linked, as in the mouse. 
Pease (1928) showed that in rabbits the gene for albinism is linked 
with the genes for yellow fat and brown color, and Mohr found a 
recessive gene for yellow fat in the sheep of Iceland. As mapping 
of the chromosomes proceeds in mammal genetics, it will be possible 
to determine in how far parallel genetic conditions exist in man. 

Keeler (1931) described a dominant spotting mutation in the house mouse. 
Animals homozygous for this gene were so anaemic that the condition was 
lethal. A recessive piebald spotting is also known, and Clark (1934) de- 
scribed a/ recessive bellyspot which was closely linked with recessive flexed- 
tail-anaemia. Both bellyspot and flextail have low penetrance, while the 
anaemia is inherited as a typical recessive. Murray and Green (1933) con- 
clude that bellyspot is neither dominant nor recessive (perhaps an alterna- 
tive expression for dominance with low penetrance). The symbols for these 
forms are Ww black-eyed white, ss piebald. Dunn described two modifiers 
of ss — white-face spotting and a white band around the body. Little 
described a frontal blaze with several modifying genes, also white tail tip 
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and a white band on the tail. In bellyspot, the patche.s were larg^er and 
more frequent in males than females. 

Barto and Huestis (1933) found a frontal star present in 3 per cent of the 
deer mice (Peromyscus) trapped in Oregon. They found that matings be- 
tween starred as well as matings between non-starred mice could produce 
both starred and non-starred, so that multiple genes are probably involved. 
Individuals with large stars produce offspring with more and larger stars 
than animals with a small star. Albinism and pink-eyed pallid are linked 
in Peromyscus. Feldman (1936) found that piebaldism in a stock of Pero- 
myscus maniculatus rufinus is due to two recessive genes A\'hich interact 
to produce a range of types, whereas in P. w. bairdii it is caused by a single 
dominant gene. Crosses between these stocks extended the range of varia- 
tion to include completely white mice with black eyes, the two series giving 
additive effects. 

Fortuyn (1939) describes a “mutation” in mice resembling Mus musculus 
but descended from a cross with the Chinese M. wagneri. From an agouti- 
and-white mother appeared a black-eyed-white .son. He showed dominant 
white spotting, a condition known in China for centuries. It is probable that 
the dominant white spotting was inherited in some way from M, wagneri, 
but suppressed in the intervening generations. It is lethal in the homozygous 
condition. 

Wright and Chase (1936) analyzed the spotted patterns in guinea pigs. 
SS is self-color but may show traces of white. Ss may show any grade from 
self-color to 95 per cent white, ss also, while often white, may range from 
well marked white to near self-color. There is a multiplicity of minor genes 
with additive effects and little or no dominance, ss can be shifted from 10 
to 97 per cent white by combinations of these genes, and SS may show a 
little white in the presence of an extreme array of modifiers. There is also 
a great amount of non-genetic variation, about 58 per cent of the variance 
in a typical stock being of this kind. Unlike mice, female guinea pigs show 
slightly more white than males. 

Blunn and Howell (1936) studied the white facial markings in 477 
Arabian horses. They found that star, strip, snip and chin spot are different 
patterns conditioned by modifiers of a general factor for white markings. 
The first three were dominant, the last apparently recessive. 

Hutt (1945) records an albino mud-puppy {Necturus maculosus), Albi- 
notic salamanders (Eurycea hislineata) and frogs {Rana temporaria) are 
known. In Alyies obstetricans and the axolotl {Amby stoma tigrinum) albinism 
is known to be recessive. 

The breeding of foxes has led to the detection of certain new color 
mutations. The silver fox is a color variety of the red fox, Vulpes 
vulpes, which extends all over Europe, northern Asia and North 
America. The silver fox in captivity has produced three mutations 
to platinum — in Norway, Canada and the United States respectively. 
Platinum is a dilution of silver, but the homozygote is pure white 
and lethal. Cole and Shackelford (1943) show that white-face is 
another mutant from silver which is also white and lethal in the homo- 
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zygous condition. Platinum and white-face are assumed to be alleles, 
and the authors suggest that they may represent a progressive chromo- 
some deficiency. Another white-faced strain is found to be in another 
chromosome. Each of these types occasionally has blue eyes, espe- 
cially when there is more white on the face, and sometimes there is 
heterochromia iridis. White-ear foxes are found to be more nervous 
in temperament. 
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Chapter X 


ABNORMALITIES AND DISEASES OF THE SKIN, 
HAIR, NAILS AND TEETH 


A bnormal conditions of the skin are very numerous and som(' 
of them very rare. As the inheritance of skin diseases has been 
fully treated by C ockaynp (1933), the results in this field will be 
summarized here, and fuller references can be obtained from that 
work. The more important subsequent papers will be referred to here. 
Gamier (1945) shows that such dermatoses as eczema, psoriasis, acne 
and even herpes simplex are partly controlled, at least in women, by 
the gonadal hormones. 

Freckles are of frequent occurrence in the white races. They are 
patches of pigment in the basal layer of the epidermis on exposed 
parts, particularly the hands, face and neck. They appear in children 
and gradually decrease after adulthood is reached. They are well 
known to be commoner in red-haired persons, but there appears to 
be no correlation between freckles and eye color. Freckling is inherited 
as a simple dominant, perhaps showing genetical linkage with red hair 
or more likely a pleiotropic effect. Freckling in children is also associ- 
ated with less power of immunization against tuberculosis. 

Scheidt (1925) published two pedigrees of freckling. In one family 
there were 12 cases (4cf'8 9) in four generations, the inheritance 
dominant. The freckled members all had red-brown hair except one 
whose hair was red-blond, while the non-freckled members were all 
blond. The second family had only five cases of freckling in three 
generations. The pedigree of Meirowsky had 62 cases in five genera- 
tions, 8 of them having red hair while none of the unfreckled had red 
hair. Decking (1926) found freckles a useful character in diagnosing 
twins as monozygotic (MZ) or dizygotic (DZ). He examined school 
children, finding in 62 pairs of monozygotic twins that the freckles 
corresponded rather closely in position and degree of conspicuousness. 
In 22 pairs there were no freckles, 9 pairs had only traces around the 
nose, 9 had a few scattered on the face, in 18 pairs the freckles were 
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moderately developed and 4 pairs were strongly freckled. Among 
30 pairs of DZ twins, both were unfreckled in 6 pairs, and in 7 pairs 
one was freckled and the other unfreckled. Only 5 pairs agreed in 
degree of freckling, the others showing more marked differences than 
occurred in the identical twins. 

In Japan and the South Sea Islands freckling appears to be recessive. 
Ten Japanese families have been described with freckles on the nose, 
forehead, cheeks, lips, ears, buttocks, thighs, the extensor surfaces 
of the arms and the dorsum of the hands and feet. 

Leucoderma or vitiligo is a disease producing depigmentation of portions 
of the skin, especially in tropical peoples. Its occurrence in families, how- 
ever, indicates that a dominantly inherited condition of the skin is present 
which renders it more susceptible to depigmentation. The attacks of certain 
fungi also cause loss of skin color in tropical peoples. Gorl (1934) described 
a family with five cases in three generations having smooth light patches 
on the skin. 

Under the term dyschromatosis universalis, Toyama et al, (1934) 
describe an inherited condition in two Japanese families, in which 
sharply delimited pigment flecks from the size of a rice grain to that 
of a bean are scattered over the entire body except the palms and soles. 
It occurred (i) in a mother and two male children, (2) in a mother and 
two daughters with four normal sibs. 

Lettsom (1772) recorded the case of a girl,^ eight years old, in Bedford- 
shire, with .swarthy skin on one side of the body and long, dark hair on the 
corresponding side of the head. On the other side the skin was fair and the 
hair lighter, short and frizzled. This was probably a somatic mutation or 
segregation. Leber (1936) reports a family with universal hereditary 
melanosis, an irregular dominant with twenty-two cases in six generations. 
In two members of the last generation depigmentation appeared later. 

A modern case of a bilateral human mosaic has recently been described 
(Zlotnikoff, 1945) from the Tambov district of Russia. In a young woman 
24 years old, whose numerous relatives were all normal, the right side of the 
body was normal, the eye on that side gray. On the left side (sharply down 
the sagittal line) the skin was striped with naevus-like patches which itched, 
the left leg being all brown, the body patches dense brown, caf6-au-lait, or 
crimson. The sweat on this side was more copious and brown in color, the 
left eye dark brown. The head hair was partly bald (also abundant?) and 
chestnut in color on the left side, scarce and light red on the right side. The 
most probable explanation appears to be a pleiotropic mutation in one 
blastomere at the 2-cell stage. 

^ Another girl of thirteen was described having very dark complexion and jet black hair 
She arose one morning (having had no fright) with a white lock of hair about in. wide on 
the side of her head. A similar change soon developed on the other side. These changes con- 
tinued until the hair appeared in stripes of white and black, and in about seven years it was 
all white. Her complexion also changed to fair, but the eyebrows stayed black, the lashes 
white, her eye color remaining black and her health good. 
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Lipoidosis of the skin and mucous membranes should probably Ijc 
classed as a metabolic error, but the lipoids accumulate in the skin, 
forming yellow papules on the face and scalp, warty excrescences 
on the fingers and small bluish-violet tumors on the elbows. The 
mucous membrane of the mouth and larynx also becomes thickly 
studded with small, yellowish-white plaques. The lesions are present 
at birth, together with laryngeal tumors. A phosphatide lipoid is 
present and the condition resembles xanthoma tuberosum multiplex. 

In the Swiss family of Miescher (1925) the parents were first cousins 
and two sons and two daughters were affected in a sibship of twelve. 
The condition was like congenital ichthyosiform erythrodermia : universal 
keratosis of the skin, with increased pigmentation, papillary projec- 
tions on the knees and elbows, thickening of the nasolabial folds, with 
yellow coloration and thickening of the palms and soles. There was 
hyperidrosis (excessive sweating) of the palms and soles. In another 
Swiss family (Nager, 1925) the conditions were somewhat different. 
In a sibship of seventeen children, two pairs of twins died of asphyxia 
at birth, four others were affected, three of them with stenosis of the 
larynx, necessitating tracheotomy. They also had hyperkeratosis of 
the palms and soles and spontaneous bulla formation. The parents 
were again first cousins, the condition being a simple recessive. Roessle 
named it dystrophia pachydermica cutis et mucosae progressiva. 

Xeroderma pigmentosum (Kaposi’s dermatosis) consists essentially 
in brown spots and ulcers of the skin and may also be fundamentally 
an error of metabolism. Cases are normal when born, but develop 
photophobia in a few weeks. Then erythema (reddening) appears in 
the exposed parts of the skin and the conjunctiva becomes red. Then 
large freckles develop and with more exposure white pits and telan- 
giectases appear bn the skin. Generally the condition develops into an 
epithelioma or sarcoma later. Two-thirds of those afflicted die before 
the age of fifteen, but they may live to twenty or even forty years 
of age although they rarely marry. The sibs of affected individuals 
frequently have heavy freckling and naevi. This probably represents 
the heterozygous condition, since the gene is recessive. It resembles 
porphyria {q.v.) in that sunlight is necessary to bring out the lesions. 
Erytherna, pigmentation, atrophy and tumor formation may all occur 
simultaneously in different portions of the skin. The freckling is more 
marked than the ordinary type and is not associated with red hair or 
with skin color. 

Taylor (1888) found forty recorded cases and described seven cases 
of children with xeroderma pigmentosum. In one family three out 
of five children were affected, with dark spots on their faces. Another 
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family had two affected children. In the third family, a boy, his sister 
and five cousins were affected, and only one of them had light hair. 
This suggests possible linkage with hair color. 

Siemens and Kohn (1925) collected 333 cases in 222 families. Of these, 
187 were familial (in 76 families), the rest solitary. In the latest enumeration 
there were 193 d’ : 182 9 affected. A pedigree of Siemens 
is given in Fig. 105. The long series of sibships of Sie- 
mens and Kohn was found by Cockayne to give a ratio, 
affected : normal, of i : 1.7 and in 17 later families 
I : 1.9, instead of i : 3 as might be expected for a reces- 
sive. The difference is explained on a statistical basis 
and is due to the fact that some marriages between two 
individuals who are normal but both heterozygous never- 
theless produce only normal children (especially in small 
families), and are therefore not recognized as families 
whose children should be added to the normals. In all 
such cases of a "recessive gene it is found that when only 
the larger sibships are considered the ratio approaches 
close to I : 3. Thus, taking sibships of 6 or more children 
in the present case gives a ratio of 107 : 288 or 1:2.69, 
and sibships of 8 or more (71 : 209) give a ratio of i : 2.9. 

Another feature connected with a recessive gene is 
that the frequency of consanguinity of the parents 
is higher than in the general population, but unfortunately in the past 
there has been frequent failure to recognize the need for recording the 
presence or absence of consanguinity in such cases. The few children 
of persons with xeroderma pigmentosum are always free from it, as 
would be expected of a rare recessive. It is not much associated with 
other defects, but adherent ear lobes and mental deficiency have 
been recorded. More recent evidence indicates that while this disease 
is recessive it is also partially sex-linked and therefore not autosomal 
(see p. 76). Macklin (1944) finds that in eighteen families the in- 
heritance is compatible with incomplete sex-linkage, i.e., when the 
father is related to his wife through his mother more daughters than 
sons are affected, when through the father more sons than daughters 
are affected. (See also Chap. IV, p. 78.) 

Xeroderma pigmentosum is found in many European races, but 
appears to be commonest in Jews. It is also found in the Arabs of 
Tunisia, in Japanese and (one case) in Chinese. It is probably an 
incomplete recessive, as already mentioned, but in certain cases pene- 
trance may fail even in the homozygous condition. Mohr (1926) 
points out that as the death-rate of affected children is very high, the 
condition is essentially sublethal. Macklin (1936) finds that in 21.2 per 
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Fig. 105. Reces- 
sive xeroderma 
pigmentosum. 
(After Siemens) 
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cent of cases the parents are consanguineous, and that both sexes are 
equally affected. 

Endothelioma simplex is a rare condition in which vsmall skin tumors 
appear as papules from the size of a pinhead to a lentil, vsoft and elastic, the 
color rose-red, brown, yellow or skin color. Wise (1919) described a family 
in which the father and three sons were affected, two daughters normal. 

Multiple cavernous angiomata (tumors made up of blood vessels) of the 
sweat glands were described by Archer (1927) in two brothers who had 
normal parents and nine normal sibs. The angiomata were found on the 
lower thorax, abdomen and buttocks, the mucous membrane of the lips, 
cheeks and soft palate being involved. They formed great numbers of 
purplish spots at the opening of the sweat glands. These structures differ 
from telangiectases. One brother had hemiplegia and dementia, probably 
from angiomata of the meninges. The condition is presumably recessive. 

Epidermolysis bullosa (pemphigus hercditarius) was described by 
Goldschneider in 1882. Cockayne gives an extensive account of this 
rare hereditary disease. There are two forms, simple and dystrophic, 
the latter occurring in both dominant and recessive forms and with 
certain inherited variations as well. The formation of bullae or blisters 
filled with watery fluid is the most striking feature in all. 

In the simplex form the bullae arise on the skin only and heal with- 
out leaving scars. They can be produced by injury or friction. In 
the dystrophic form they arise also on the mucous membrane and 
generally leave scars. These bullae are also deeper, between the 
epidermis and corium or (in Wende's case) in the corium, and they 
can scarcely be produced by injury. 

The exact cause of bulla formation remains uncertain. The excess fluid 
present in the skin probably exudes easily from the blood vessels, and the 
exudation may be made easier by a deficiency of elastic tissue. But there 
are certain resemblances between epidermolysis bullosa and porphyrinuria, 
and possibly the basic defect is in metabolism and not in skin structure or 
in the vasomotor control of the blood vessels. This view is supported by 
the occurrence of bullae in crops, often preceded by a feeling of malaise. 
Thoroezkay (1940) describes associated bone changes. 

The dominant and recessive forms of epidermolysis bullosa dys- 
trophica show certain clinical differences. The sex-linked form described 
by Mehdes da Costa and van der Valk in 1908 in a Dutch family 
also differs clinically and is known as typus maculatus. There were 
seven cases (all males) in one generation (four sibships). The affected 
children showed lesions at three months, with pigmentation and acro- 
cyanosis. Bullae could be produced on the cyanotic parts by rubbing 
the skin. The hands were short with tapering finger-tips, short nails, 
hypotrichosis, palms and soles turgid and shiny. 
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The simplex form is frequently accompanied by hyperidrosis (exces- 
sive sweating). Cockayne reports a total of 268 hereditary cases. 
It is generally dominant, with an excess of affected males (150 : 100) 
and an occasional skip. Bonajuti reported a large family in 1890 
(pedigree in Gossage, 1908) with 31 cases (ibcT 159) in five genera- 
tions, dominant with two skips. Castle (1925) reported a strictly 
dominant pedigree with 1 1 cases (6 c? 5 9 ) in four generations, and 
Bamber (1935) a family with 12 cases (7 c? 5 9 ) in four generations 
and no skip, the sibships totalling ii affected : 12 normal. Blisters 
arise from trivial injuries and may begin shortly after birth, from the 
child sucking its fingers. In this family the condition disappeared 
when adult age was reached. 



Fig. 106. Holandric inheritance of epidermolysis bullosa simplex. (After Yaffe) 

Yaffe (1942) reports a family of soldiers in India and Jamaica in 
which all the males suffer from epidermolysis bullosa simplex from 
infancy (Fig. 106). Their knees blister when they begin to creep and 
their feet blister excessively when they march, but they are not other- 
wise inconvenienced. This adds one more to the list of genes which 
are found in the Y-chromosome and show holandric transmission. 
The pedigree includes three cases (two sisters and the son of one, 
II. 5, 6 and III. i in the pedigree) who died from cancer of the throat. 
As in all other holandric pedigrees, while the females are all normal 
their descendants are not recorded, and the possibility that half their 
sons inherited the disease is not excluded.^ Greenberg (1944) reports 
5 cases (whites) of foot blisters from marching, among 2281 derma- 
tological cases at a camp in South Carolina. These mild (dominant) 
cases are probably more frequent than generally recognized. The 
5 cases had at least 24 affected relatives (dominant in each family). 
The condition is worse in hot weather. 

In epidermolysis hidlosa dystrophica the recessive form is more severe 

* Correspondence elicits the further information that the normal sister (III. 9) had three 
normal daughters and an affected son. Hence the gene has crossed over from the Y- to the 
X-chromosome. 
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than the dominant, the nails being always absent or deformed, the 
skin more often cyanotic and pigmentation excessive or lacking, the 
teeth often abnormal and defective. Many die before puberty, but 
some marry and reproduce, and there are many consanguineous mar- 
riages. There is evidence that some recessive forms of epidermolysis 
bullosa are partially sex-linked, i.e., the gene is in the X-chromosome 
(see p. 76). Jenny (1927) described a very severe form which is fatal 
in a few weeks or months after birth, so the gene may be regarded 
as lethal. The pedigree of this family was traced back into the sixteenth 
century (Fig. 3, p. 9) through twelve generations. Several cousin 
marriages and intermarriage with another family finally brought the 
recessive gene to the surface. Jenny produced another almost equally 
extensive pedigree with four cases arising from intermarriage among 
the descendants of one couple eight generations back. A closely related 
recessive form was described in a brother and sister with a normal 
brother and parents, by Heinrichsbauer (1928). 

Another form of epidermolysis bullosa dystrophica was described by Guy 
(1927) in three boys. The bullae were subcorneal, as.sociated with congenital 
alopecia and enlarged thymus. A distinct form was also described by Wende 
(1902) in two brothers of an Irish -American family. These are all recessive 
and may be allelic mutations. Smith (1934) cited a boy with epidermolysis 
bullosa and psoriasis whose normal parents were first cousins. His maternal 
aunt had psoriasis. Another case, presumably also recessive, was cited in a 
child of first cousins. Steggerda (1930) described five cases (dominant) of a 
mild form in which a slight bruise produced a water blister" which turned 
"black and blue" and left a scar. 

The severe dystrophic form of epidermolysis bullosa is generally 
recessive, but Hoffman (1926), who records an extensive pedigree 
with four cases of the recessive form arising in four intermarried 
families, also describes a dominant family with three cases in three 
generations. The symptoms were relatively mild, however, although 
the finger-nails were affected and there were facial scars as well as 
occasional bullae in the mouth. Haldane (1936) finds the recessive 
dystrophic form to be partially sex-linked. (See Chap. IV.) 

Cockaynje (1938) described two families in London with an atypical 
condition in which only the feet, and to a less extent the hands, suffered 
from severe blistering (see also p. 76). Haldane and Poole (1942) 
describe a family from Wiltshire with the same peculiarity, for which 
they propose the name Cockayne's disease. In all three families the 
condition is strictly dominant and in Haldane’s family it arose as a 
mutation. There were 18 cases (10 cf 8 9) in four generations. The 
gene may^be allelic to some of the other forms of epidermolysis bullosa. 
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The localizing effect is evidently a part of the gene and not due to 
modifiers. A similar family with blisters on hands and feet is described 
from West Virginia (Cartledge and Myers, 1943). The original 
ancestor, bom in 1762, married twice and both lines of descent show 
the blisters. There are 40 cases (20 cf 20 9 ) in six generations, the 
sibships numbering 39 affected : 38 normal, strictly dominant, but 
the homozygous condition is unknown. Frank (1943) records a mild 
form occurring as a dominant in two families having respectively 
19 cases (140’ 59) in four generations and 16 cases (iic?59) in 
three generations. Confined mainly to the feet, it occurred only in 
warm weather. Franks and Davis (1943) compiled another pedigree 
with 13 cases (9d’ 4 9 ) in five generations. 

The recessive type has been found in Anglo-Saxons, Scandinavians, 
French, Italians, Jews and Japanese. 

Nager (1925) .described a Swiss family with recessive epidermolysis of the 
larynx. The parents, who were cousins, had seventeen children. Three 
acquired the condition in middle life. One of them as a child could not move 
its tongue freely; another had hyperkeratotic palms and soles, with nails, 
knees and elbows also affected, and the third lost his voice at forty. Another 
sib had the same affliction and two pairs of twins died from asphyxiation a 
few days after birth. Thus there were 8 affected : 9 normal. 

Hydroa aestivate may be related to epidermolysis bullosa. Bullous 
eruptions containing a yellowish fluid develop on the hands and feet 
but produce no scars. In a family described by Griffith (1936) the 
attacks recur every summer. The inheritance was dominant, with six 
cases (5 cf I 9 ) in three generations. 

Hereditary oedema (Milroy’s disease) was originally described by 
Milroy (1892). The original account of the disease included a pedigree 
with twenty-two cases in six generations of a family numbering ninety- 
seven persons. The oedema (dropsy) or swelling may be present at 
birth or may arise in childhood or early adulthood. One or both legs 
swell to enormous size (elephantiasis) through the effusion of watery 
liquid into the connective tissue. The swelling is not painful or tender. 
Affected persons bandage their legs and live to old age, but the swelling 
never rises above Poupart’s ligament. Nonne (1891) had already 
described a German family with 9 cases (3 cT 6 9 ) in four generations. 
Meige (1898) recorded a French family with 8 cases ( 4 cf 49) in 
four generations, developing at puberty, and on the Continent the 
disease is frequently named after him. The onset was at puberty, 
only legs and feet affected, some cases only up to the knee, one unilat- 
eral. Meige regarded it as trophoedema of neuropathic origin. Rol- 
leston (1902) found the non-congenital form in mother, son and 
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daughter. Hope and French (1908) traced a family with thirteen cases 
in five generations in which it appeared in infancy to early manhood 
and developed painful, acute attacks not found in other families. 
Bulloch (1909) collected nine pedigrees of this trophoedema and 
found it rather more common in females than in males. Milroy (1928), 



Fig. 107. Boy of 15 with elephantiasis of the legs (Milroy’s dis- 
ease). (After McGuire and Zeek) 

in a further account of his original family, located thirty more descend- 
ants in the fifth, sixth and seventh generations, but only two more 
cases (children of his original patient), so the condition seems to be 
disappearing in this family. McGuire and Zeek (1932) described a 
family with eight cases in three generations. A boy of fifteen years 
in this family (Fig. 107) had elephantiasis of the legs with Frohlich’s 
fat boy syndrome. Masses of tissue were removed by the Kondoleon 
operation and the pathologic changes in the skin are described. Faber 
and l.iisignan’s (1933) family came from the French Pyrenees (three 
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cases in three generations). These authors found 133 cases recorded 
in 20 families, the sexes equally affected. Drewes (1939) described 
elephanticisis of the legs only in a brother and sister, beginning at 
fourteen to fifteen years. The mother had a light form of it. There 
have been many theories of the etiology of this disease — nervous, 
lymphatic, vascular, endocrine, sympathetic, but no explanation. 

The inheritance is clearly dominant, with a few skips. Cockayne 
(1933) separates the congenital condition from the trophoedema with 
late onset. He tabulated (from Bulloch, 1909) six congenital families 
with 29 affected : 44 normal in sibships, 12 : I7f . Late onset, in 

seven families, gives 36 affected 145 normal, llif :25f . The large 
excess of affected females might mean a second gene in the X-chromo- 
some or it may simply mean that the female sex is more susceptible. 

Many different forms and degrees of keratosis (tylosis) or abnormal 
thickening of the skin exist. Keratosis follicularis (Darier’s disease) 
is also known by various other names such as ichthyosis follicularis. 
It is one of the extreme forms and is characterized by papules contain- 
ing scabby crusts and is due to cornification of the epithelial layers 
of the skin. It is accompanied by cell degeneration in the upper part 
of the hair follicles and sweat ducts, and may affect the face, scalp, 
back, abdomen and other parts. The lesions begin in childhood with 
papule formation at the opening of the sebaceous and sweat glands. 
The mucous membrane may also be affected. In severe cases the 
stature is small and mental deficiency is present. The disease is 
inherited as a dominant in Anglo-Saxons, Latins, Slavs, Jews and 
Japanese. Cockayne tabulated 16 families with 45 cases (23 o’ 21 9) 
fully reported, and 34 other families with 102 cases (46 cf :46 9 : 
10 unstated). One case apparently arose as a mutation from normal 
parents. Although it appears to be a strict dominant with no skips, 
it usually persists for only two (occasionally three) generations, appar- 
ently because of lack of reproduction by affected individuals. It is 
not an irregular dominant, as Fischer (1925) thinks, and the sexes 
are equally affected. Fischer collected 120 cases, 32 of them familial 
and 88 solitary. If the latter are really all mutations, it would indicate 
a high mutation-rate for this disease. There is much need for fuller 
study of the antecedents in every case of an apparent dominant muta- 
tion (many of which now exist in the literature) with the possibility 
of throwing light on the origin. Keratosis follicularis has also been 
recorded as a sex-linked recessive. Lam^ris (1905) has a pedigree 
with twelve cases, all males, in four generations in Utrecht. There 
was hypotrichosis of the scalp, degeneration of the cornea and hypo- 
plasia of the lower jaw. In a study of ten cases. Peck, Click, Sobotka 
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and Chargin (1943) find that keratosis follicularis is a disease of vita- 
min A deficiency, with an inherited or acquired weakness in absorption 
of vitamin A or in conversion of the provitamin to the vitamin. It 
Wcis recently found that half the native troops in Syria from East 
Africa had symptoms of keratosis follicularis, probably from lack of 
vitamin A. 

MacLeod (1909) described three brothers with non-inflammatory 
keratosis pilaris. The parents and two other brothers were normal. 
The three brothers showed absence of eyelashes and eyebrows and 
more or less completely bald scalp. In most parts of the body the 
hairs were replaced by pinhead papules with a horny plug which 
could be removed. The skin was dry, hairy, more or less scaly, reach- 
ing a condition of mild ichthyosis on the knees and thighs. The condi- 
tion was probably recessive. Siemens (1925) described a family in 
Utrecht with twelve cases (all males) of keratosis follicularis spinulosa 
decalvans in three generations. The inheritance was recessive sex- 
linked, the keratosis being accompanied by degeneration of the cornea 
and progressive loss of hair (alopecia). Keratosis supra-follicularis 
(Unna) goes under several other names. Horny plugs at the opening 
of the hair follicles form acuminate papules. There are several related 
conditions with different grades of severity, all uniform in each family. 
Szodoray (1939) describes the second case in Hungary under the name 
trichostasis spinulosa. There were four to eight hairs in a follicle. He 
states that in European cases the condition is mostly localized on the 
trunk, while in American cases it is generally on the face. Ichthyosis 
follicularis with alopecia has been recorded in three families having 
respectively three brothers, two brothers and three siblings from normal 
parents. The children are born bald or the hair falls out in childhood, 
the eyebrows and eyelashes also being lost. The nails are normal and 
the condition is presumably recessive. 

Keratosis .pilaris or ulerythema ophryogenes (Taenzer) differs from 
ichthyosis follicularis in that scarring occurs around the mouths of 
the hair follicles. Galewsky’s two pedigrees show dominant inherit- 
ance while ichthyosis follicularis is recessive. In one pedigree there 
were 8 cases (4 o’ 4 9 ) in three generations. 

Keratosis follicularis spinulosa cum ophiasi is inherited, in a family 
in Munich, as a strictly dominant sex-linked character (Fig. 108), 
a type of inheritance which is very rare. Siemens (1925) described 
this family in which the affected males ha^^e keratosis follicularis in 
the beard, eyebrows and neck, followed by loss of hair, thickening 
of the skin of the eyelids, loss of eyelashes, ectropion, scarring of the 
ears, degeneration of the cornea and thickening of the palms and soles. 
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The females are less affected, and in this sense the condition is incom- 
pletely dominant, since they are all (having two X-chromosomes) 
heterozygous, while the men are hemizygous, having no normal gene 
to offset the effect of the gene for keratosis. The females have no 



Fig. io8. Dominant sex-linked keratosis follicularis spinulosa cum ophiasi. (Modified 
after Siemens) 


loss of hair or changes in the eyes, and two of the women who trans- 
mitted the condition (I. 2 and II. 2) were doubtfully normal. Siemens 
thinks the keratosis arose as a mutation, since 1. 2 was normal. But 
since II. 2, who transmitted the condition, may have been normal, 
I. 2 may also have been heterozygous but normal. 

In the inheritance of a sex-linked dominant, an affected man mated to a 
normal woman will pass his affected X-chromosome to all his daughters, who 
will therefore all show the defect, but to none of his vsons, who will all be 
normal. In the above pedigree there are three affected fathers (III. 4, 8, 10) 
who have families with a total of seven sons, all normal, and five daughters, 
all affected, in accord with expectation. When the mother is affected and 
the father normal, the expectation is that half the children of each sex will be 
affected, i.e., a ratio lif’ricf’ritriQ. In the pedigree, four hetero- 
zygous mothers (I. 2*, II. 2, III. 5 and III. 15) had a total of about ii iT : 8c? : 
5 f : 1 1 9 children. As several others died early who might have developed 
the disease, the results are fairly in agreement with expectation. 

Keratosis follicularis spiralis is the name given by Lehr (1939) to 
a new form of keratosis follicularis. Beginning at about five years of 
age, on the extensor surfaces of the arms and legs cornification of the 
hair follicles and subsequent growth of the hairs spirally within the 
follicles produce pinhead pimples like goose flesh. The hairs persist, 
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forming whitish horny nodules. Pedigree A (Fig. 109), of German 
and Polish stock, has 25 cases (5 o’ 20 9 ) in four generations; pedigree B, 
of Scotch-Irish-German extraction, 18 cases (3d’ 15 9 ) in five genera- 
tions. The condition is dominant, with a great excess of affected 
females. The author suggests the following hypothesis : the auto- 
somal gene (F) for the condition is dominant in females and recessive 



Fig, log. Pedigree of keratosis follicularis spiralis. 
(After Lehr) 


in males. Then FF is an affected o’ or 9 , Ff is an affected 9 or a 
normal o’, ff is a normal o’ or 9. Hence there will be three times 
as many affected females as males. The actual number is 37 9 '.7 &■ 
Two normal males transmitted the condition, indicating low penetrance 
in the male. In all the sibships only one normal female is recorded. 

Monilethrix 

This is a rare condition in which the hairs are beaded, and it is 
accompanied by keratosis follicularis. The babies may be born bald or 
with normal hair, but when this is lost it is replaced by moniliform 
hairs, in the follicles of which keratosis appears. The hair in all parts 
of the body may be so altered or it may be confined to a patch on the 
head. One man ‘with no moniliform hair and keratosis follicularis 
only on the occiput and the nape of the neck had children with both 
conditions well developed. There is thus much variation in monil- 
ethrix, but it is accompanied by baldness or thin hair. 
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Most of the hairs are constricted at regular intervals. They remain 
short (J in. to an inch in length) and break off at the nodes. A few 
scattered hairs remain normal. The medulla is absent at the constric- 
tions and the follicles show hyperkeratosis at their orifice. The cause 
of the periodic constrictions is unknown, but in some cases the spindle 
is formed by day and the constriction at night. Affected persons are 
usually healthy and not defective. This type of fur is normal in the 
shrews (Soricidae). 

Anderson (1883) described a Scottish family with 16 cases (QcT 7 9 ) 
in five generations of farmers. The condition is a strict dominant, 
with 14 affected : 20 normal in the sibships. The affected members 
in this family had dark hair, the normals having a fair or reddish 
complexion. Hence there is probably linkage between monilethrix 
and a gene for hair color. In two solitary cases the hair was light. In 
future studies of monilethrix the hair color of affected and normals 
should be noted. Tomkinson (1932) recorded another Scottish family, 
all miners, with 22 cases (15 cf* 7 9) in five generations, the sibships 
20 affected : 36 normal. As the hair breaks off it scarcely ever has 
to be cut. The pubic hair is also affected, and keratosis pilaris was 
also present. 

Sabouraud (1892) recorded a French family with 16 cases (Sc? 8 9 ) in 
five generations and no skip. Gossage (1908) noted five families with dom- 
inant monilethrix, but skipping a generation in one family. Heuck (1924) 
found monilethrix associated with keratosis follicularis in thirteen out of 
forty-five cases. The dominance was irregular in some cases. There were 
five carriers, four of them females, but the proportion of diseased to normal 
was 47 : 46. Other families are cited by Danforth (1925) in which he shows 
wide variation in hair shape on the individual. 

Two families with dominant monilethrix were recorded by Roberts and 
Thomas (1930), the K family with 18 cases (6 c?’ 12 9 ) in four generations 
and the I family with 9 cases (2 cf 7 9 ) in three generations. Both apparently 
began with a mutation ; in the K family a female with six normal sibs and 
two generations of normal ancestors and collaterals, in the I family a female 
with normal parents and eight normal sibs. 

Cockayne (1933) recorded 15 families with sibships totalling 
92 affected : 89 normal ; adding 19 less complete pedigrees gives a 
total of 790? : 70 9 affected, so the condition is a simple dominant, 
generally without a skip, and the sexes are about equally affected. 
In twenty-one cases there were one or two affected sibs from normal 
parents. Perhaps most of these are cases of failure of penetrance in 
a parent, but some may be mutants and possibly some represent a 
recessive inheritance, although no case of recessive monilethrix has 
been recorded. Tomkinson (1935) recorded a family in Glasgow with 
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mother and three of six children affected. The condition has lx?cn found 
in English, Scottish, Danish, German, French, Italian, Czech, Russian, 
Jewish, Armenian, Persian, Arab, Tamil, Singalese, Japanese and 
Brazilian families. 

Ringed hair is a distinct condition described by Cady and Trotter 
(1922) and first recorded by Karsch in 1846 under the name pili 
annulati. The hairs are cylindrical but banded with light and dark 
zones owing to the presence of masses of air bubbles (fusi) at intervals 
in the cortex. In mass the hair appears sandy and speckled. They 
record three families and found eighteen cases in the literature. Snell 
and Foley (1932) record another; all are dominant, the last having 
nine cases in four generations. Ehrhardt (1932) records another domi- 
nant family with nine certain and three probable cases in four genera- 
tions. By shaving a small portion and examining it ten days later,, 
she showed (as did Wilson in 1867) that the light spots are irregular 
and not related to day and night. Juon (1942) records a Swiss family 
with eight cases in four generations, dominant. 

Nearly related to monilethrix is the condition known as pili torti 
or twisted hairs. The short, broken hairs, appearing in children, 
resemble the condition of monilethrix. The hairs are not beaded, how- 
ever, but flattened at irregular intervals and twisted through 180°. 
The first case was referred to by Schiitz in 1900, and cases were reported 
in 1925 by Ormsby and Mitchell in New York under the name atrophia 
pilorum, by Freund in Italy and Galewsky (1932) in Vienna, who 
suggested the name pili torti. Cases were also observed in France 
and Germany. Rygier-Cekalska in 1935 observed it in a pair of twins. 
Touraine (1938) found this very rare condition in a mother and her 
five children. Hitherto it had only been seen in females, but in this 
family three of the affected children were boys. The children had no 
hair until they were a year old, when hairs began to appear, very 
pale, fine, like little scales on the scalp. Their growth was unequal, 
being dense on the vertex and occiput, less so on the temples. The 
hairs are like wool, dry to the touch, and they break off at a length 
of a few centimetres. They are of two types, (i) reaching 25 cm. long, 
(2) less numerous, on the top and back of the head and mostly at the 
front and sides, only 5-8 cm. long, less pigmented, spiral and contorted, 
breaking easily. There was no axillary, pubic or body hair. Martin 
(1938) describes a Spanish family with 7 cases (3cr4 9) in three 
generations, irregular dominant. 

Hellier, Astbury and Bell (1940) describe the first case in England 
and review the subject. About 29 cases have been recorded (8 cf 19 9 ). 
They studied a typical case in a girl two years old. She was born with 
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very little hair; later it became frizzy and contorted at the sides of 
the head, the eyebrows being affected in the outer half, eyelashes 
normal. She was given thallium acetate, which produces complete 
hair fall, but the regrowth was twisted as before, the hairs being broken, 
and short, especially over the occiput. There was also a characteristic 
peculiar spangled glint due to reflection from the twists, with periodic 
torsions of the hairs. All but two cases have had blond hair, but as 
the twisted hairs on the same head are lighter than the normal in 
color, this is probably not a case of genetic linkage between separate 
genes for twist and pigmentation. 

From the work of Astbury and others, it is known that the proteins making 
up wool and hair fibres are molecularly constructed of polypeptid chains 
laterally linked at intervals to form grids. It was found that neither in pili 
torti nor in monilethrix was there any molecular disturbance in the patterns. 
It has been shown (Wildman) that the crimp of merino wool fibres arises 
from a twist which is as.sociated partly with the curvature in the hair follicle 
and partly with rhythmic rotatory movements of the follicle. It is therefore 
the growth mechanism of the follicles which is at fault in monilethrix and 
pili torti, and presumably also in twisted and negroid hair generally. In 
normal hair the axes of the cells and of the keratin chain-molecules are 
parallel to the axis of the fibre. In pili torti and monilethrix there must be 
frequent departures from parallelism, leading to severe inter- and intra- 
molecular strains. These may account for the brittleness, but there may 
also be irregular cross-linkages in the molecules. 

Thysanothrix is a condition in which the hairs in some parts of the 
body grow in a tuft of ten to forty-five hairs from each follicle. The 
follicles are greatly dilated, with horny plugs at the mouth and hyper- 
keratosis at the base. A number of single cases have been described, 
and one probable case in a sister. It is probably a mutation, but more 
data are required. Szodoray (1939) describes a case and cites the 
names thysanothrix (Franke), trichostasis spinulosa or keratosis spinu- 
losa with trichostasis (Galewsky) and lanugocomedo (Csillag) indicating 
different aspects of the disease. 

Pityriasis rubra pilaris is a rare condition which begins in childhood 
or early adulthood with a scaly scalp and thickening of the epidermis 
of the palms and soles, which flake off; large scales also form on the 
trunk and limbs. Histologically there is universal hyperkeratosis. 
In many, the health is unaffected, but some families in which the cases 
are mostly fatal may have a different etiology. The cases described 
are mostly solitary, but conditions in two French and one German 
family indicate, according to Cockayne, an irregular dominant heredity 
for the structural defects or for a susceptibility factor. The condition, 
which resembles psoriasis, was described by Devergie in 1857. Zeisler 
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(1923) described four cases, including two sisters. Weiner and Levin 
(1943) continued the study of Zeisler’s family, finding 39 cases (30 cT 6$ ) 
in three generations. They found that feeding carotene or warmer 
weather improved the condition. Pityriasis versicolor is confined to 
males but is transmitted by females. Sedgwick (1863) cites a family 
in which the grandfather, three sons, and nine grandsons were affected. 

Porokeratosis, described by Mibelli in 1893, is characterized by 
hypertrophy of the stratum corneum followed by other changes. It 
begins with a small circular lesion; this grows and others appear, the 
development being extremely slow. The lesions develop a raised 
margin with a white ring and brown pigmentation. They are gen- 
erally symmetrical and may arise in any part of the body, but in each 
affected family they tend to occupy similar areas. The disease is 
found mostly in Italians, but occurs in other Europeans, as well as 
Hindus, Chinese and Japanese. It is probably most common in 
Mongolians. Cockayne found 14 families with more than one genera- 
tion involved, including 90 cases. The sibships number 84 affected : 
107 normal. In all reported cases the sex ratio was 136 c? : 60 9 . The 
condition is a strict dominant, with the male sex much more affected 
than the female. Bloom and Abramowitz (1943) found 37 further 
cases reported since 1931. In their family, the father, two sons, and 
apparently the grandfather were affected. 

Verrucosis (epidermodysplasia verruciformis) is an extremely rare 
condition in which numerous symmetrically placed warts occur on 
the skin of the face, scalp, trunk and limbs, frequently on the palms 
and soles. They are oval and grayish-white or yellowish in color. 
Cockayne found only 9 cases (50' 49) described, two of them being 
Swiss and two Japanese. Beginning in infancy or adolescence, fresh 
lesions continue to appear, and in three cases they developed carcinoma. 
The condition may be a dyskeratosis or an infection through the blood 
stream with' the virus of warts. If the latter is the case, there must 
be a special disposition in those affected. The parents were normal 
and in two cases consanguineous. There appears to be a recessive 
inheritance of a predisposition to the disease. Sullivan and Ellis 
(1939) describe a case in a man of twenty-two, and Wise and Satenstein 
(1939) record the third case in America, in another man. Loveman 
and; Graham (1941) describe cases of acrokeratosis verrmiformis of 
naevoid origin in mother and daughter. 

Ichthyosis 

This condition of rough, dry and scaly skin occurs in many forms, 
some of which are still difficult to separate from each other. Lamellar 
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Khthyosis is an extremely rare condition in which the embryonic 
epidermis is in two layers, a superficial epitrichium and a deeper layer. 
Normally, the epitrichium, consisting of large polygonal cells with 
big nuclei, develops at the second and disappears at the end of the 
sixth foetal month. In this condition it is retained as a dry, shiny, 
brownish-yellow collodion-like envelope after birth. Then it peels 
off and in a few weeks or months the skin becomes normal. Transi- 
tions occur between this and the mildest form of ichthyosis congenita. 
Some seventeen single cases are reported. Auspitz in 1869 reported 
a family in which the condition was probably recessive. Normal 
parents had six children, three of them affected. But Dean (1921) 
described a baby bom with the epitrichium. The mother and her 
sister had both been bom in the same condition, so this case was 
probably dominant. 

Ichthyosis foetalis or harlequin foetus, which goes under several 
other names, 'is a remarkable and very rare condition. The child is 
nearly always born alive but never survives more than a few hours 
or days. The external ears are usually absent or ill-formed, the nose 
unformed, the mouth open. The infant cannot suck and dies of starva- 
tion or of infection through cracks in its skin. Hypertrophy of the 
epidermis begins after the third month, causing the lower layers of 
skin to expand and rupture the outer layers. The thyroids are very 
small and atrophic. This is regarded as another effect of the same 
(polyphanic) gene. 

There is no sharp distinction between this condition and ichthyosis 
congenita, and they are probably not genetically distinct. Riecke 
(1900) reviewed the early literature. A pedigree (Fig. lio) compiled 


7 

Fig. no. Pedigree of recessive sex-linked ichthyosis. 

(After Sedgwick) 

from Sedgwick (1861) shows clearly recessive sex-linked inheritance. 
Orban-Vadja (1925) recorded a similar case of the disease, transmitted 
by females and appearing in males. Pick (1925) noted a case of two 
brothers affected, six other children healthy, the parents unrelated; 
and Lundborg (1926) described a Swedish peasant family with five 
cases of recessive sex-linked ichthyosis simplex in five generations. 
A mild form of ichthyosis, with rough dry skin, was shown by the 
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pedigree of Manson (1928) to be dominant in three generations. 
VVehefritz (1924) also gives a pedigree of inheritance as a dominant, 
but in which a generation may be skipped. Thomson and Wakeley 
(1921) described two cases and give an excellent discussion of ichthy- 
osis congenita with many illustrations. It was first described in 1792 
under the name cutis testacea, Simpson suggested the term ichthyosis 
intrauterina, Ballantyne {Diseases of the Foetus ^ 1895) investigated 
forty-two cases. There is a marked family prevalence and association 
with consanguinity. The parents are generally free from skin affec- 
tions. On the hypothesis of Thomson and Wakeley, the harlequin 
foetus results from hypothyroidism coincident with an anomaly of 
the foetal thyroid gland. They suggest that this condition and true 
ichthyosis differ from cretinism because two different isomers of 
thyroiodin are involved. The common names armadillo^ coat of maif 
bark of a tree and tortoise are all appropriate. Hess and Schultz (1921) 
gave a fully illustrated description of another case. 

Cockayne listed 62 single cases, 31 cf : 31 9. Although the family 
histories are very incomplete, the harlequin foetus is clearly a recessive 
condition ; but the sibships number 37 affected : 40 normal instead 
of 1:3. This is because many normals are omitted in families which 
are unrecognized since, although both parents are heterozygous for 
the condition, they do not happen to produce a harlequin child. There 
are few statements regarding consanguinity of the parents. The condi- 
tion is known in the peoples of Europe, but has not been recorded in 
colored races. The same recessive defect is found in calves, which 
die in a few hours or days. 

In Ichthyosis congenita (Fig. iii) the skin is smooth and shining, 
deep reddish brown at birth and thick enough to prevent sucking and 
to cause eversion of the eyelids and limited movements of the limbs. 
Fissures soon develop in the skin and the infant dies in a few days or 
weeks from infections. The condition is therefore like delayed ichthy- 
osis foetalis and may be genetically the same. In extreme form the 
skin is a leathery mail with red, bleeding fissures, and the gene is of 
course a lethal. That the condition is recessive and lethal was shown 
by a case of Mohr (1926). A normal woman had five normal children 
by a norn\al husband, then three congenitally ichthyotic children by 
her half-brother. 

Siemens divided this condition into ichthyosis congenita larvata^ in which 
the lesions are present at birth, and ichthyosis congenita tardiva, in which 
they appear weeks or months after birth, but as both have occurred in the 
same sibship the distinction is probably not sound. A welter of other names 
has grown up around the general condition of ichthyosis, but any classifi- 
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cation is at present largely tentative. Keratosis universalis is another name 
for ichthyosis congenita. Mullen (1936) described two sibs of larvata type 
(lethal) from normal parents. 



Fig. in. Iditln osis congenita in an infant 4 days old. (After 
Ellis) 


West (1937) described a family in Michigan. A man had by his 
first wife two normal children, both of whom in turn have normal 
children (Fig. 112). By his second wife he had five children with 
abnormal skin, the sixth being an infant of fifteen months. The 
parents were not related and they have normal ancestors. Four of 
the children have ichthyosis of the tarda type and IV. 6 has psoriasis 
and anhidrosis. Since at least five out of six children are affected, 
West suggests (on the analogy of the two white varieties of sweet 
pea which, when crossed, prcxlucc color) that two non-allelic genes 
are necessary to produce the ichthyosis. These children are also shy 
and backward. 



Fig. 112. Pedigree of recessive ichthyosis, perhaps due to comple- 
mentary genes. (After West) 


Ichthyosis vulgaris or simplex is the name applied to the relatively 
benign condition, with smaller scales, which is dominant in inheritance. 
The scales are continually shed from the dry, scaly skin, especially 
from the knees, elbows and extensor surfaces. The condition appears 
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in infancy and is fully developed at ten years of age, but the health 
is unimpaired and it is not connected with hypothyroidism. It often 
skips one or more generations in some pedigrees. This may be due 
to the presence of an inhibiting gene. Ichthyosis, although not in 
itself an allergic reaction, may be genetically linked to the allergic con- 
ditions, infantile eczema, Besnier’s prurigo and asthma. This connec- 
tion has long been known. Prurigo is an incurable skin disease with 
small pale papules and itching. Besnier’s prurigo is the form associated 
with asthma, hayfever and urticaria. The genes for ichthyosis vulgaris 
and allergy may be in the same chromosome or merely associated (in 
different chromosome pairs). 

Ichthyosis as a simple dominant is found in northern Europe. The 
sex-linked recessive form is more common in the Latin countries.^ 
In seven Norwegian families ichthyosis may be linked with a gene for 
imbecility. In some other families the affected are nearly all males or 
nearly all females. This might be due to an inhibiting sex-linked gene, 
but more information is required. In Japan it is rare and only the 
recessive form is known (Komai, 1934). 

The recessive sex-linked form of ichthyosis vulgaris is clinically 
indistinguishable from the dominant form. The Hungarian pedigree 
of Csorsz (1928) shows some interesting features (Fig. 5, p. 12). It 
includes a marriage between an affected male (V. 2) and a female 
carrier (V. l). The children were 2c?':i«r:i? :2t, which is as 
close as possible to the expected ratio i ; i : i ; i. The condition was 
truly recessive since, as generally with color-blindness, only homozy- 
gous women showed it. Frets (1929) reported a sex-linked family 
under the name ichthyosis generalis, with four affected males in four 
generations. Orel (1929) concluded that recessive ichthyosis congenita 
was a distinct anomaly from recessive-sex-linked ichthyosis vulgaris. 
He cited a pedigree by W. Boeck of I. vulgaris with mental defect 
(both ectodermal) extending back to 1680. In the Ramorino (1924) 
pedigree of sex-linked I. vulgaris (Fig. 113), in the second generation 
there is a case of direct transmission from father to son, the other 
nine cases all being, as usual, from affected father through normal 
daughters to half their sons. Unless this is incorrect, there must have 
been crossing-over between the Y- and the X-chromosome. Or con- 
ceivably non-disjunction might have produced an egg with no X, an 
X-sperm from the father thus giving rise to an XO son ! 

In all the recorded pedigrees, the sons of female carriers are 
72 affected : 56 normal, where equality is expected. The excess of 

, ; *^Davies and McGregor (1942) describe a family with eight cases, all females, in three 
generations. Some also had eczema. This appears to be hologynic inheritance. 
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affected is unexplained, although it might perhaps be partly accounted 
for by the greater Interest in recording an affected than a normal 
individual. The ratio of carrier : non-carrier females, 54 : 7, is also 
unexplained, unless a lethal gene is common in the normal population. 



Fig. iij. Pedigree of recessive sex-linked ichthyosis vulgaris. 
(After Ramorino) 


In Cockayne’s (1933) pedigree of sex-linked ichthyosis, with four cases 
in two generations, the distribution of the lesions is different from that 
of the common dominant form. They are mainly on the trunk and 
only slight on the face and scalp. In summary, the harlequin foetus 
is a recessive lethal, ichthyosis congenita essentially the same, while 
the milder ichthyosis simplex (vulgaris) may be either dominant or 
sex-linked recessive. 

Congenital ichthyosiform erythrodermia or ichthyosis congenita tardiva 
is not so mild as ichthyosis vulgaris. The skin develops redness and 
becomes thick and scaly, but the child survives. The keratosis may 
be slight, or horny plates may form, or spines, and the color may 
become yellowish, brown, greenish or nearly black. This condition 
differs from ichthyosis vulgaris in that (i) the flexures of the skin are 
not more or less normal, (2) bullae frequently appear, (3) there is 
hyperidrosis (excessive sweating), especially of the palms and soles. 
In some cases the hair and nails grow very rapidly; in others the hair 
may be scanty and the nails underdeveloped. Some also have keratosis 
palmarum et plantarum. The inheritance is recessive. Cockayne’s 
tabulation of 94 full sibships shows 140 affected : 236 normal or i : 1.6. 
If the 17 sibships with 7 or more children are taken, they give a ratio 
40 : 109 or 1 : 2.7, while sibships of 8 or more children give 23 : 74 
or I ; 3.2. It is therefore clear that a single gene is involved. This 
is confirmed by the presence of consanguinity in 32 per cent of the 
sibships, or 60 per cent if only those are taken where there is full 
information. 
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IchthyosivS congenita has been found in various parts of Europe as well 
as in Turks, Arabs, Sudanese and Japanese, but appears to be most prevalent 
in the Latin peoples. 

There is a dominant form of congenital ichthyosiform erythrodermia, 
which has been recorded in three families with affected members in two 
successive generations. The skin is red at birth, keratosis develops later; 
the hair is scanty but the nails grow rapidly and there is hyperidrosis of the 
palms and soles. 

Erythrodermia exfoliativa universalis congenita is a condition described 
in six families in which there is continual shedding of thin flakes of 
skin, new flakes being formed quickly day after day. Only ten cases 
were known up to 1933, and Wileys pedigree shows the condition to 
be recessive. 

Keratosis palmarum et plantarum with onychomadesis (loss of nails) 
was described by Aziia in 1892 in a Spanish family. In addition to 
the keratosis of palms and soles, the ears and nose were red and scaly 
and the nails were shed periodically. This probably represents a 
separate mutation, and as it was present in grandfather, father and 
son it is probably dominant. Keratosis of palms and soles only was 
dominant in nine pedigrees (Fuhs, 1930). DeBray and Sainton (1930) 
describe many cases in four generations of a family. 

Erythrokeratodermia variabilis is allied to ichthyosis congenita, but with 
differences in the lesions. Cockayne collected five families with ten cases, 
all females. The condition is probably dominant, with an excess of affected 
females. 

Ichthyosis hystrix gravior is a unique mutation which appeared in 
the Lambert family near Euston Hall in Suffolk in the eighteenth 
century. A country laborer showed his son, then a boy of fourteen, 
before the Royal Society in 1731. It is probably the most striking 
mutation which has been recorded in man. The boy’s skin, except 
the palms and soles, head and face, was covered with rough scales. 
Machin (1733), in his account, says, ^'The bristly Parts, which were 
chiefly about the Belly and Flanks, looked and rustled like the bristles, 
or Quills, of an Hedge-Hog, shorn off within an Inch of the Skin.” 
The skin was clear at birth, but at seven or eight weeks it began to 
turn yellow, then gradually changed to black, then thickened. The 
same boy, Edward Lambert, was later shown to the Royal Society 
again (Baker, 1755). He was now a man of forty with a son like 
himself and was exhibited in London as the porcupine man. Baker 
described his skin as like an ^‘innumerable company of warts, of a 
dark-brown color, and a cylindric figure rising to a like height, and 
growing as close as possible to one another.” These cylindrical pro- 
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jections grew to nearly an inch in length before being shed in the 
autumn of each year. They were so stiff and elastic that when the 
hand was passed over them they made a rustling sound. From a 
drawing of the hand the nails appear normal. A century after the 
first exhibit, there is a brief reference (Pettigrew, 1833) to an exhibition 
of the great-grandson at a meeting of the Westminster Medical Society. 
The story is now that he is descended from an imaginary native of 
Davis Straits (Eskimo). In the four generations only males were 
affected, the females of the family being all normal. The back of 
the hand was “a thickly set brush of horn.” Mr. Pettigrew was stated 
to have said that “numerous births of scaly male children” occurred, 
but apart from this statement the reporter confesses, “what Mr. Petti- 
grew said about him we have forgotten.” Earlier generations were 
exhibited on the Continent and studied by various eminent naturalists 
there. Three contemporary accounts are to be found in Voigt’s Mag. 
f. Naturkunde, 1801-02, and Sedgwick (1861) refers to the two brothers 
of the fourth generation who had seven normal sisters and visited 
Germany in 1802. 

Cockayne (1933) has compiled a pedigree (Fig, 114) from the data 
available regarding this remarkable family, but there were more 



Fig. 1 14. Ichthyosis hystrix gravior (the Lambert 
family) . (After Cockayne) 


affected males than he shows. The pedigree, however, makes it clear 
that, since the inheritance was always in the male-to-male line, the 
mutation must have been in the Y-chromosome, 

A further statement from Baker (1755) is worth quoting: “It appears, 
therefore, past all doubt, that a race of people may be propagated 
by this man having such rugged coats or coverings as himself; and 
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if this should ever happen, and the accidental origin be forgotten, 
’tis not improbable they might be deemed a different species of man- 
kind: a consideration which would almost lead one to imagine that 
if mankind were all produced from one and the same stock, the black 
skins of the negroes, and many other differences of the kind, might 
possibly have been originally owing to some such accidental cause.” 
Here is an eighteenth-century mutation theory of the origin of human 
races, but the extreme mutation on which it was founded was destined 
to disappear. These men are stated to have been strong, athletic and 
mentally alert, as Tilesius’ figure of one of them (reproduced in Cock- 
ayne, 1933, and Roberts, 1940) would also indicate. If the six original 
sons had all left descendants they might have been on the way to 
forming “a different species of mankind.” But mating selection was 
probably against them and so, like many other extreme mutations, 
they never got beyond the point of beginning a new population. The 
manner of inheritance, confining the condition to one sex, also pre- 
cluded a successful result. 

A less extreme form of the same condition (Martin, 1818) was Jane 
Holden, aged three, whose whole skin except the face was “covered with 
small scales, or rather warty or bristle-like projections,” light brown to 
black in colour and constantly exfoliated. The condition began at the age 
of three months. Her mother was the same, except that the neck, breast, 
and forearms, as well as the soles of the feet, were free from this condition. 
Her parents were healthy, and she was the only one of six children having 
the disease. In this family, unlike the previous one, the condition is there- 
fore not male-sex-linked. 

It is now recognized that pellagra, which was known in southern 
Europe in the eighteenth century as an endemic disease affecting the 
skin and spine, is a vitamin-deficiency disease, due to lack of nicotinic 
acid (vitamin B2 or G) in the diet. Nevertheless there are clearly 
inherited constitutional differences in susceptibility to the disease. 
Pellagra was known in Italy long before it was recognized or studied 
in southern United States, and Lombroso in 1898 spoke of a very 
severe and a very mild type of hereditary pellagra. Sedgwick (1861) 
quoted Italian statistics among the peasants of Lombardy. In 
184 families there were 671 healthy individuals and 648 showing 
pellagra, so that differences in susceptibility probably exist within 
the family. In the years 1912-14 a Commission of the New York 
Medical School studied pellagra, especially in Spartanburg County, 
South Carolina. The resulting reports * are instructive as showing the 


♦ Arch. Int. Med. Vol. 18. 1916. 
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difficulties in unravelling the inheritance element before it was known 
that pellagra was an avitaminosis disease. 

The symptoms of pellagra are recurring inflammation (erythema) 
and ulcerations of certain skin areas, often symmetrically placed, with 
diarrhoea from ulcers of the intestines, and often with nervous and 
mental symptoms as well. Thousands of cases still occur in southern 
United States and some other parts of the world. Davenport (1916), 
although he thought the disease was communicable, concluded that 
its course depends on certain constitutional, inheritable traits of the 
affected individual. He found that when both parents are susceptible 
at least 40 per cent of the children are susceptible, although less than 
I per cent of the population have pellagra. This high family incidence 
was regarded as due to infection whereas it is partly due to similar 
food habits and partly to inherited susceptibility. Davenport also 
showed that families differ in their reactions, some never showing 
mental symptoms while others usually do ; some families having slight 
and others severe intestinal symptoms with early death; some with 
slight skin eruptions, others with severe ulcers and desquamation. 
He collected thirty-eight pedigrees showing these conditions. Muncey 
(1916) collected twenty-seven pedigrees extending through three or 
four generations and containing, in one family, as many as sixteen 
cases of pellagra in three generations. Gastro-intestinal symptoms 
were common in some families for several generations. The nature 
of the susceptibility factor and the exact manner of its inheritance 
still require elucidation. 

Siler, Garrison and MacNeal (1916) found that while poverty and poor 
diet were important factors in pellagra, negro pellagrins die much more 
promptly than white pellagrins, indicating a racial difference in reaction to 
lack of nicotinic acid. The negroes had a lower incidence rate and a higher 
death-rate than the whites. Bloom (1931) reviewed the literature of juvenile 
pellagra, pointing out that inherited constitutional traits probably render 
the child susceptible. 

An inherited susceptibility factor is also important in leprosy and polio- 
myelitis iq.v.) and in other diseases. Many other instances of inherited 
constitutional or racial differences in susceptibility to particular diseases 
have been cited elsewhere (Gates, 1942). 

Leprosy 

Leprosy is one of the oldest recorded diseases and in ancient times 
was the nibst feared. The Book of Leviticus contains instructions to 
the priests concerning what may be regarded as primitive methods of 
disinfection of a house in which lepers had lived. Jn the Middle Ages; 
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for fear of contagion, lepers were forbidden to join any company of 
people, their use of water supplies was severely restricted, they could 
not touch anything they wished to buy, even a hedge or bush by their 
pathway could not be touched without gloves; indeed, the rules 
corresponded closely with those that a modern sanitarian might 
adopt. 

Then, in 1848, Danielssen and Boeck replaced the age-old theory 
of contagion by the erroneous view that leprosy itself is transmitted 
by heredity. Their views were based on studies of its familial aggrega- 
tion in an isolated and sparse focus in Norway. Before this, however, 
it had long been widely recognized that heredity played an important 
part in connection with leprosy. Simpson (1842) a century ago, in 
a sketch of leprosy in Britain in the Middle Ages, recognized the ‘'he- 
reditary transmission of leprosy.’’ He says, “Few facts in the history 
of tubercular leprosy seem to be more universally admitted by all 
writers on the disease, both ancient and modern, than the transmission 
of the predisposition to it from parents to offspring.” He cites the 
leper hospital at Funchal, Madeira, in 1825 with cases of two brothers 
and an uncle; a leper and aunt; a mother, brother and sister; and a 
father, mother, three sisters and two brothers in a family who died 
of elephantiasis. In only three cases was no hereditary taint known. 
He states that the predisposition may occasionally show in only one 
or two members of a family and may “lie dormant” for one or two 
generations, to reappear later. “In the few districts of Europe in 
which cases of the disease have continued to linger down to a late 
period, the malady seems to be transmitted through an old hereditary 
taint in particular families, rather than generated by existing external 
circumstances active on the bodies of those who now become its 
victims.” In corroboration of this point of view, which is amply 
confirmed by recent work, he cited cases in southern France and the 
Shetlands, and states that this heredity was “well known to our 
forefathers.” 

Simpson’s point of view apparently continued until the discovery 
of the Hansen bacillus in 1874, which led many to the assumption 
that leprosy was only a matter of infection. It is only now beginning 
to be recognized that leprosy is a matter of susceptibility as well as 
infection by the bacillus, and that the susceptibility is inherited. It 
has now become clear that constitutional or racial differences in 
susceptibility are involved in many bacterial infections. The conception 
of balance and variation between both attacker and defender is so 
well established in connection with many fungal diseases of plants, that 
it is difficult to understand how, with the rise of human bacteriology, 
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the possibility of inherited variations in the defense mechanisms of 
the body was so completely ignored. 

Partial acceptance of the argument that since contagion was proven 
heredity was disproven, is shown by an account by Thin (1892) of the 
origin and spread of leprosy at Parcent in Spain. A leper came to a neigh- 
boring town from the Philippines in 1850. There had been no previous 
lepers but one man from Parcent got the infection through intimate contact. 
In 40 years there were about 60 cases in this small village, 45 had died of 
leorosy, neighboring towns were infected, and in 18 towns of Alicante 
province there were 154 lepers in an area of 24 .square miles. Thin never- 
theless described a family (Fig. 1 15) with 8 cases of leprosy (4cf' 4 9 ) in five 



Fig, 115. Pedigree of a family at Parcent, Spain, showing 
leprosy. (After Thin) 


generations, from which it would appear that the susceptibility is dominant. 
Case III. I transmitted the susceptibility but did not contract the divsease. 
The ancestors of III. 4 were free from leprosy and he, being susceptible, 
presumably contracted it from his wife. If both were heterozygous for a 
dominant suvsceptibility factor, one-quarter of the children might be expected 
to be homozygous for it. This evidence is of course insufficient to determine 
the genic nature of the susceptibility. Thin also quotes from Dr. Godina’s 
report recommending not only precautions against contagion, such as the 
wearing of shoes and gloves, but also that lepers should not be allowed to 
marry because of the inheritance. He himself thought that contagion alone 
was involved. 

Aycock (1941), in an important paper, shows that leprosy exhibits 
a definite tendency to restriction in family lines. Its failure to follow 
the ordinary lines of contagion was attributed to supposed differences 
in the degree or duration of exposure. There is no question of its 
spread through contagion, although the incubation period may be 
very prolonged ; but the striking tendency to familial occurrence makes 
it appear that the result of exposure is determined largely by hereditary 
influences. It is now recognized that leprosy, while much less frequent 
than in the Middle Ages, tends to remain restricted to certain regions, 
races and families for long periods. But hereditary susceptibility 
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has been ignored and a theory of ''predispowsing causes’’ has been 
developed to include anything from puberty to malaria, hookworm, 
climate, humidity or even laziness. Statistics show that of 178 wives 
living with leprous husbands from three to twenty-seven years, only 
4 contracted the disease. Most persons must then show strong resist- 
ance. While there is only 3.8 to 5.1 per cent of conjugal infections, 
in the children of lepers the incidence of infection ranges from 7 to 
44 per cent. 

The racial and geographical distribution of leprosy is of much 
interest. It has been endemic in China for two thousand years; and 
in Iceland, where it has existed for centuries, there were 226 cases 
in 1896. Aycock has made an analysis of its occurrence in certain 
areas. It persists among the Acadian French in New Brunswick and 
in Louisiana; among the Germans in Galveston, Texas; among a few 
Norwegians in Minnesota who brought it from Norway; and at Key 
West, Florida. The California focus came from the Orient. Five 
out of six cases in Saskatchewan were in the Dukhobors from southern 
Russia, the sixth being a Syrian. It is endemic in Argentina, Paraguay, 
Brazil and Colombia. 

The history of this disease in New Brunswick and Louisiana is 
especially significant as showing how important is the susceptibility 
factor. The French of New Brunswick and Louisiana came from a 
common source at the time of the expulsion of the Acadians from Nova 
Scotia in 1755, and they have many of the same surnames. There is 
no record of leprosy among the Acadians of that time, and probably 
both groups have since been independently infected in these two local- 
ities, one north temperate, the other subtropical. The first case in 
New Brunswick was that of a woman in 1815 whose grandfather came 
from St. Malo, Normandy, where leprosy existed. Since then, 300 cases 
have been recorded, all from a few villages on the Gulf of St. Lawrence 
coast where they were much interrelated. In 14 families there have 
been 252 cases. Leprosy was found among the Acadians of Louisiana 
as early as 1766. In 1933 there were 471 cases in the State, 391 of them 
born within the State. The case furnishes evidence of the racial, 
regional and familial occurrence of leprosy. 

The little island of Nauru in the South Pacific, with a population 
of 2200, half native and half imported labor, had, in 1922, 35 lepers, 
34 of them natives, with a high degree of consanguinity. Leprosy 
among the Australian aborigines shows similar familial concentration 
of the disease. Huizenga (1942) shows that in China for over two 
thousand years leprosy has been confined mainly to six limited 
areas. 
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At the sixth Pacific Science Congress, fifteen papers were presented on 
leprosy. In one of these, Lowe (1942) shows how the disease varies in 
different countries and races. There are mild and severe forms, which he 
concludes are due to differences in susceptibility. The disease is milder in 
India and Africa, more severe in Burma, Siam, China, Japan, the Philippines 
and possibly South America. In Malaya there were marked differences in 
the form of leprosy in Indians, Chinese and Malayans. These differences 
must be racial rather than climatic. There might be an acquired racial 
immunity, but it is much more likely that racial differences in resistance to 
the disease exist. 

In relatively immune races, the immunity is most marked in adults, 
so that most cases are acquired in childhood. In relatively susceptible 
races the disease progresses rapidly before adulthood and prevents 
marriage. The severe type of leprosy also tends to produce sterility. 
Badger (1942) thinks that in Hawaii racial and family susceptibility 
appear to play no role, the incidence depending on contact with infec- 
tion and on individual susceptibility. Rats on a diet deficient in 
vitamin Bi are more susceptible to rat leprosy, so that diet probably 
also affects human susceptibility. There is some evidence that allergic 
factors may also play a part in the pathogenesis of leprosy. 

Epiloia was the name given by Sherlock (1911) to a syndrome of 
sebaceous adenoma (Pringle type), epilepsy, mental deficiency and 
brain tumors (tuberous sclerosis), leading to idiocy. A butterfly rash 
of the nose and cheeks is characteristic. It was first described by 
Bourneville in 1880. The main features are tumors of the skin, with 
hyperactivity of the sebaceous glands of the face and areas of sclerosis 
in the brain. Epilepsy may appear a few weeks after birth, other 
mental changes only in adult age. Tumors may also appear in the 
kidneys, heart and other viscera. Neuro-fibromata as well as pig- 
mentation and depigmentation of the skin can also occur in epiloia 
as in von Recklinghausen’s disease. The syndrome is often incomplete. 
It may begin with a sebaceous excretion at the sides of the nose in 
the fourth or fifth year. Some patients attend dermatological clinics, 
others come before a psychiatrist, neurologist or a heart or kidney 
specialist. 

Fuhs (1925) recorded it in a family under the name naevus multiplex 
(Pringle). There were 12 cases (8cr 4 9) in five generations, three of 
them without cerebral sclerosis, the inheritance dominant. Brushfield 
and Wyatt (1926) and others have described families showing the 
variable symptoms. The adenoma sebaceum can occur without brain 
tumors, and the tuberous sclerosis without skin tumors. It is essen- 
tially a tendency to the formation of particular kinds of tumors, and 
has been found in Nordics, Mediterraneans, Slavs, Jews, Chinese, 
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Japanese and Negroes. Cockayne listed 15 sibships with 33 affected : 
55 normal. The affected were 43il^ : 31 ?.^ The gene is probably an 
irregular dominant with variable expressivity in the heterozygous 
state. The homozygous condition is unknown, but would quite possibly 
be lethal. Gunther and Penrose (1935) recorded twenty family 
histories from institutions. They estimate that it has a mutation 
rate of i in 120,000 to i in 60,000, with a frequency in the population 
of I in 30,000. The rare dominant gene may be accompanied by 
modifiers. 

In a later study, Penrose (1936) points out that epiloia can occur 
in three degrees: (i) So mild as to pass for normal (due to the presence 
of modifier genes). (2) Only one of the three, brain — skin — viscera, 
symptoms may be present. (3) Severe, when two or three of these 
systems are attacked. In fourteen families both parents were normal, 
but probably in seven of them near relatives had the disease. In three 
other cases a parent was severely affected and in three a parent was 
mildly affected. Penrose assumes the presence of three modifiers, 
fi, U, fa, for normal, mild and severe. These also affect fertility. It 
is found that 0.7 to 0.8 per cent of idiots and imbeciles have epiloia. 
For every twenty-four severe cases there are theoretically forty more 
due to mutation. This would give a mutation rate of i in 40,000. An 
uneven distribution of modifiers would explain why there is a much 
higher proportion of sporadic than of hereditary epiloia among idiots. 
Lichstein and Solis-Cohen (1943) describe two cases, in one of which 
epiloia appears to be an irregular dominant in the family. X-ray 
photographs showed calcifications in the brain, which produce the 
epileptic seizures. Denny-Brown (1938) described a mother and two 
sisters with adenoma sebaceum and a son with epilepsy, none having 
complete epiloia. Good and Garb (1943) describe a woman of twenty 
with naevoid growths in a butterfly arrangement on the face, tuberose 
sclerosis (tumprs scattered in the frontal lobes, cerebellum, medulla, 
spinal cord and retina) and a fibroma from mesodermal tissue on the 
scalp. Her father and three of five sisters had abnormal electroen- 
cephalograms (see p. 1097). 

Epidermoid cysts or atheromata, also known as sebaceous cysts^ occur 
from the size of a pea up to that of a hen’s egg on the. scalp and some- 
times on other parts of the head, neck and body. They generally 
develop between twenty and thirty years of age, but rarely number 
more than a dozen knd often not more than two or three. Paget in 

* In this and other references to Cockayne in this chapter the two numbers of affected 
dp not agree because the first refers only to sibships while the second includes all recorded 
cases, 
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1853 regarded the cysts as more commonly inherited than cancer. 
The condition has been inherited for as many as ten generations, and 
can be transmitted by an unaffected male. In Bauer's (1919) pedigree, 
with 17 cases (9cf 8 9) in four gen- 
erations, it is strictly dominant and 
combined with leuconychia. Siemens 
(1923) cited II cases (40^79) in 
four generations of one family and 
only three cases in four generations 
of another. He collected 34 familial 
and 75 single cases from the litera- 
ture. In 30 of the 34 families the 
cysts were localized in the scalp; in 
one case the onset was congenital, 
in three others in the seventh dec- 
ade of life. There was no evidence 
of inheritance of follicular cysts. He 
believes that dermoid cysts are a dif- 
ferent thing, as they are extremely 
rarely inherited. Ingram and Old- 
field (1937) describe a family with 
5 cases (3 (f 2 9 ) in three genera- 
tions, strictly dominant. The cysts 
may occur on the scalp, face, legs 
(Fig. 1 16) or the palms, where there 
are no sebaceous glands or hair follicles. E. Wilson (1937) records 
another family. Cockayne listed 41 families with 97 affected : 195 nor- 
mal, 71 iT: 66 f . The large excess of normals in this condition, which 
is dominant with a few skips, may mean not only low penetrance 
but perhaps an inhibitor in the population as well. It has already 
been recorded in English, Germans, French, Italians and Japanese, 
so that, like other mutations, it may be assumed to have arisen more 
than once. 

Levit (1931) described a Russian family in which soft sebaceous cysts on 
the scalp only were inherited recessively. Two affected parents had three 
children, all affected. The son took a wife from an adjacent village, who 
was probably heterozygous though normal. They had five affected and 
five normal children. The five affected (sons) married normals and had a 
total of twenty-five children and seven grandchildren, all normal. If the 
condition were dominant, half of these twenty-five children should have 
shown it. Sedgwick (1863) found the condition sex-linked in two families. 
Munro’s (1937) family produced twenty cases in four generations, dominant 
with three skips. The wens or cysts were seven times more numerous in the 



Fig. ij6. Multiple sebaceous cysts. 
(After Ingram and Oldfield) 
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B and C branches than in the A branch of the family, which is ascribed to 
the presence of modifiers in the A branch. In a family in which both parents 
were affected, three of ten children died in infancy (two in convulsions). 
They may have been homozygous (and lethal) for cysts. It is clear that 
sebaceous cysts are usually dominant, but that in occasional families they 
are recessive or sex-linked. Levit thinks they result from an abnormally 
narrow sebaceous gland duct. There is a possibility that they may arise 
through a virus infection. 

Sedgwick (1863) recorded two families in which the inheritance was 
clearly confined to females. In one, all the females who attained the 
age of ten years were affected, and no males were affected. There 
must have been at least twelve cases. The other family showed the 
same inheritance for five generations. As a possible explanation, we 
may assume that in both these families the two X-chromosomes of 
the females were joined end-to-end (XX), producing non-disjunction. 
But as the joining or non-disjunction of the chromosomes cannot be 
expected to produce the gene, it is evident that, if this explanation is 
correct, there should also be pedigrees in which the same condition is 
inherited as a simple dominant or recessive sex-linked character. We 
have already seen that such pedigrees exist. In Sedgwick’s families, 
however, the condition is transmitted by normal males, so this is not 
hologynic but sex-limited inheritance. Cockayne (1933) assumes 
that XXY individuals would be abnormal intersexes, XXX and YY 
non-viable. While this is true of Drosophila melanogaster with only 
eight chromosomes, it is not necessarily true for man with forty-eight. 
One extra chromosome would be expected to produce much less 
disturbance in the human germplasm. 

Pilonidal sinus is a dermoid cyst or sinus in the sacro-coccygeal 
region, containing hairs and often opening at a postanal dimple. These 
sinuses have been recognized for nearly a century. They constitute 
an inherited embryological defect. Kooistra (1942) studied 350 cases, 
finding the frequency to be about i in 940 persons. In about half the 
cases the lesion contains hairs. They are almost restricted to Caucasians 
and 74 per cent are in males. They are unknown in Mongolians, rare 
or absent from American Indians and rare in Negroes. They develop 
an abscess and frequently require treatment at about twenty-five 
years, but may recur after operation. This congenital anomaly prob- 
ably arises very early in embryonic life and appears to be most common 
in persons with an excess of body hair. Kooistra records the condition 
in (i) a father and two sons, (2) two brothers and a sister, (3) two 
pairs of identical twins, (4) two cousins. It was found seven times 
in two brothers. Although clearly inherited, the method of inheritance 
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appears somewhat irregular. Walker and Bucy (1934) described seven 
cases and suggested that the sinus is due to a failure of the cutaneous 
and the neuro-epithelial ectoderm to separate, the neural tube carrying 
down a pocket of skin and so forming a cyst. Whyte (1938) gives an 
account of the literature and theories of the condition. It probably 
occurs equally in both sexes. 

In benign cystic epithelioma tliere are usually many small cysts on 
the face, ranging in size from a pinhead to a split pea, while on the 
scalp they may reach the size of a walnut. They generally begin at 
puberty, but have no malign symptoms. They have been recorded 
from many parts of Europe, but are less common in Negroes and 
Mongols. Small pedigrees show the condition to be dominant, but 
more frequent in females. Cockayne found 51 if : Sot in sibships 
and 32*?' 58 f as isolated cases. Bovero (1929) noted the occurrence 
of free sebaceous glands in the mucous membrane of the mouth and 
cheeks, quite frequent. They occurred more often in men than women ; 
in 72 per cent of Negroes and 56 per cent of whites. They were more 
numerous and polymorphic in Negroes, in whom they may be con- 
sidered normal. 

Acne and seborrhoea are related conditions of the sebaceous glands. 
In acne, which exists in many forms and may have allergic connections, 
the skin, especially of the face, breaks out in pimples, particularly at 
puberty. Erasmus Darwin referred to its inheritance in 1797. Stokes 
and King (1932) published five pedigrees of acne vulgaris and con- 
cluded that the predisposition is hereditary. Its incidence in the 
parents of patients was twenty-six times that of other parents, and 
probably involves the element of polygenic susceptibility. Persons 
with seborrhoeic dermatitis show a family history of atopy in 28 per cent, 
as against 13 per cent for those with acne. Siemens (1926) studied 
acne rosacea and related conditions in twins. He found that in 36 pairs 
of MZ twins they showed great similarity, whereas 12 pairs of DZ 
twins nearly always showed marked differences. He suggested a 
polyhybrid inheritance. In addition to a genetic factor causing the 
development of large and active sebaceous glands, infection by a 
microorganism may be necessary. Siemens (1930) examined twins 
with seborrhoeic dermatitis, an inflammation of the skin. Among 
43 pairs of MZ twins, both had it in 22 cases and only one in 21 cases. 
Among 32 pairs of DZ twins, both had it in only 8 cases and one in 
24 cases. There is probably an inheritance factor and it may be domi- 
nant, but infection by an organism is also involved- Seborrhoeic 
families are common enough, but certain families appear to be almost 
immune. Barber (1929) quotes Scholtz, who defines the seborrhoeic 
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diathesis as a congenital or hereditary tendency to show certain 
clinical skin manifestations under the influence of certain dietetic 
and metabolic factors. Of two persons under the same conditions, 
one may become seborrhoeic, the other not. Jews are notoriously 

liable to seborrhoeic manifes- 
tations as well as diabetes. 
Excess of alcohol also pro- 
motes seborrhoea. 

Ford (1940) described a con- 
dition like acne, but more se- 
vere, in natives of Papua and 
north Australia. It was first 
seen in Papua in 1915. Pus- 
tules appear on the nose, 
spreciding to the face. They 
leave scars but disappear spon- 
taneously after many years. 
Even the uvula and palate may 
be affected. 

Psoriasis (Fig. 117) is one 
of the most common skin 
diseases, in which red scaly 
patches appear on the ex- 
tensor surfaces of the arms 
and legs. It was known to 
the Greeks. It occurs in many 
varieties and the suggestions 
regarding its causation in- 
clude (l) toxins in the blood, 
(2) nervous origin, (3) al- 
lergic manifestation, (4) a 
metabolic disorder, (5) an in- 

Fig.117. Psoriasis. (After Snyder) “on, (6) mechanical ir- 

ritation. There is some evi- 
dence of contagion, but no organism has been found. The condition 
generally [begins at puberty or later, but may appear in infants or as 
late as sixty. Schamberg (1924) reported on 592 private patients, 
finding multiple cases in 13 per cent of families and only two cases 
in which husband and wife were affected. Hecht (1930) collected 
thirty-two pedigrees and concluded that men only are affected in 
some pedigrees, transmission being by the females, but that it is gen- 
erally recessive and rarely dominant. Heiner (1926) published four 
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pedigrees in which it is im irregular dominant, with ten cases in four 
generations of one family. The sibships showed 34 affected : 29 normal, 
and 63 per cent of the afflicted were males. It often skips a generation. 
Cockayne tabulated 14 families with 81 affected : 125 normal, the 
sex-ratio being 54ir*:42t, or with the conductors (yd' 10 9) y 
61 d : 52 1 . Snyder (1941) published a dominant pedigree with seven 
cases and a recessive one with four cases. 

Leven (1928) published two pedigrees of psoriasis, (i) with 10 cases 
(4cf 6 9 ) in four generations, (2) with 5 cases (scT 2 9 ) in four generations, 
both strictly dominant. Marcuse (1929) described a Jewish family in 
Berlin with psoriasis and gallstones. The psoriasis is dominant, with thirteen 
cases and one skip, the cholecystitis an irregular dominant, with seventeen 
cases and five skips. Six persons had both afflictions, but they are probably 
independently inherited. Weber (1933) described twin sisters with psoriasis 
arthropathica (with stiffness and swelling of joints). The parents were 
normal and anpther (among nine sibs) had psoriasis from two years of age, 
but with very little effect on the joints. 

Riebler (1936) described a family in Innsbruck in which the mother, two 
daughters and a son had psoriasis, endemic goitre, obesity of cerebral- 
hypophysis nature and neuropathy; the father and another son were 
neuropathic. He concludes that in psoriasis there is an inherited constitu- 
tional anomaly. The son with psoriasis had also gynecomavSty, neurasthenia 
and exophoria. Weber and Lauber (1939) described four cases with direct 
inheritance through four generations (9~cf-9~9). In the last genera- 
tion it was only in the axillae, the mother had it on ellx)ws and knees, her 
father had it “all his life.“ 

Psoriasis is most common in Iceland, where it constitutes 50 per cent 
of all skin diseases. In England it represents 7 per cent. It occurs 
in the European races, Jews, Chinese, Japanese, Malays, Hindus and 
Polynesians, but is rare in Negroes and mulattos. Gahan (1943) finds 
it more frequent than any other skin disease. He estimates its fre- 
quency in the white population of New York at i per cent or more. 

Adamson (1935) finds some evidence that psoriasis is an allergic mani- 
festation. Spindler (1933) has a pedigree with 19 cases (i3cf 6 9 ) in four 
generations. The ancestors were all normal for nine generations back, most 
of them converging on one couple. He finds that the frequency in families 
ranges from 5 to 50 per cent, and concludes that the inheritance is dominant, 
but trauma, infection, endocrine or other disturbance is required to bring 
it out. Lerner (1940) has a pedigree with 8 cases (3cf’ 5 9 ) in four genera- 
tions, dominant with three skips. He studied 172 private cases and con- 
firmed the usual inheritance as an irregular dominant. 

In SchaumanrCs disease or Boeck's sarcoid, red patches occur on 
the arms, legs and face and develop slowly with pulmonary symptoms. 
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Dressier (1938) described it in two brothers and MacCormac (1939) 
in two sisters. 

Multiple rodent ulcers are a distinct type, brownish red with the 
edges rolled up. The embryonic pilo-sebaceous follicles or the sweat 
glands are probably not properly developed and retain the power of 
proliferation. Only eight cases were recorded. Gray (1920) found the 
condition in two brothers, the father and one brother also having 
psoriasis. McFeeters (1939) described seven cases in a family — 
the mother and six of eight children (in four of them on the ear). 



Fig. 1 18. Cyclical ulceration of the buccal and 
genital mucosa, (After Pappworth) 


The condition may be recessive with the father a carrier. Cyclical 
ulceration of the buccal and genital mucosa, with seven Ccises (all 
females) in two generations of a family is described by Pappworth 
(1941). After the menopause the ulcers recurred every four weeks; 
previously they appeared for two or three days before and after each 
period. The inheritance is sex-limited (Fig. 1 18). It was first described 
by Neumann in 1895 and fifty cases have since been recorded, but 
in only nine is there mention of the relation to menstruation. This 
condition is probably more common than generally supposed. Lip- 
schlitz first described recurrent ulceration of the vulva alone in 1913. 
He afterward reported fifty-one cases, in only one of which were buccal 
ulcers present. Recurrent ulceration of the mouth alone is common, 
but there appears to be no evidence regarding its heredity. 

Poikiloderma atrophicans vascularis is a very rare condition, usually 
occurring in single cases. The child’s skin is rough and scaly, with 
later a livid reticulation of the skin, with pigmentation, atrophic spots 
and telangiectases. It has been recorded in two brothers and in three 
sisters. This and other evidence shows it to be recessive. Heggs (1936) 
cites a son of normal parents with poikiloderma and an extra thumb 
on both hands. The same condition of poikiloderma and recessive radial 
polydactyly was present in a cousin from marriage between the father’s 
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sister and the mother’s brother. The two conditions are probably 
linked. 

In urticaria pigmentosa numerous wheals develop on the body in crops, 
then retrogress, leaving brown macules which later disappear. Little col- 
lected 154 cases (86d’’ 52 9 ) in 1905. They were mostly single cases but 
included, (i) two brothers, (2) two sisters, (3) three sisters, (4) two sibs, 
(5) a patient, the mother and cousin, (6) a pair of identical twins aged five 
months. This shows inheritance, but the method is not clear, although 
probably recessive. 

Keloid is an overgrowth of connective tissue in the dermis, causing 
atrophy of the outer layers of skin and projecting above the surface. 
Keloids may begin from an injury or spontaneously. They are com- 
moner in negroes than whites and some African tribes take advantage 
of their relative susceptibility to form cheloid patterns (wheals) on 
their skin. Cockayne recorded 8 families with a total of ii affected : 
14 normal mepibers, 13 iT : 14 f . The condition is dominant in whites, 
one family having five cases in three generations. Garb and Stone 
(1942) describe and illustrate eighty cases of keloids, mostly produced 
by trauma. They suggest an endocrine constitutional cause. 

Aplasia cutis congenita generally takes the form, in infants, of one 
or two circular patches of hairless skin over the posterior fontanelle. 
They may correspond in position with the fenestrae parictales (g.z^.). 
Very rarely this condition may affect the dorsal aspect of the hands 
and feet. Dowling (1930) described two sisters with congenital red 
patches of atrophic skin in this position. 

Much has been written on the inheritance of naevi or moles, and 
birth-marks. In a pedigree of Meirowsky and Bruck (1921), seven 
individuals out of eleven in three generations had a particular birth- 
mark, inheritance dominant. Meirowsky and Leven (1921) made a 
classification of skin markings and naevi. Birth-marks have been 
regarded from the earliest times as indicating relationship. Siemens 
(1924) studied 45 pairs of MZ and 27 pairs of DZ twins, classifying 
the naevi as (i) flat or unpigmented, (2) vascular. The 45 pairs all 
had naevi, which averaged 18.5 per person. They differed in position 
and number but showed greater similarity in the MZ than in the DZ 
pairs. Lenz (1926) studied three hundred pairs of twins. In the case 
of pigmented naevi (mostly liver-colored spots) the coefficients qf 
similarity were consistently ca, 0.8 for MZ and 0.4 for DZ twins. 
Siemens did not allow for the fact that naevi increase during child- 
hood and youth. By excluding this age effect, Lenz obtained slightly 
higher frequencies. They conclude that naevi are inherited but not 
as a simple dominant. Unna's naevus^ a flat, capillary naevus at the 
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nape of the neck, is shown by these studies to be inherited. More 
recent work indicates dominant inheritance with an occasional skip. 
Denaro (1944) cites numerous cases indicating a tendency to inher- 
itance in the same part of the body in many pedigrees. Certain types 
of naevi show some relation to cancer. 

Naevi are of many kinds and are often the starting point for mel- 
anotic tumors.® Melanoma of the choroid probably originates from a 
group of naevus cells. In one family, a mother, two of her sisters, 
her daughter and her father were all affected and had an eye removed. 
In another family, two brothers had melanoma of the eye. It is well 
known that gray horses develop melanoma of the hairless, pigmented 
parts of the skin. Naevi spili or N. pigmentosi occurring in large 
numbers are more definitely inherited. They are congenital spots of 



Fig. I IQ. Inheritance of naevus spilus. (After Estabrook) 


melanin pigment which remain smooth and unaltered. Solger reported 
such a naevus on the forehead near the midline in grandmother, mother 
and daughter. Leven records naevi on the neck and both cheeks in 
a mother and two daughters. Estabrook (1928) records a family 
with 9 cases (fie? 3 9) in five generations (Fig. 119). In III. 2, III. 7, 
IV. 6 and IV. 9 it was near the navel. In III. 9 and IV. ii it was a 
large spot on the neck, back of the left ear. They extend in size and 
get darker during the growing period, but there is evidently some 
inheritance of location. Naevus flammeus, a port- wine stain of the 
skin, is common and is directly transmitted in some cases. Such facial 
birth-marks are known, since i860, to be associated with glaucoma 
and sometimes with other ocular defects (Stoll, 1936; Mehney, 1937, 
Evans, 1939). Meirowsky (1942) has a fully illustrated study of the 

® Nordby (1933) described the inheritance of melanotic skin tumors in pigs. They looked 
like warts or pigmented moles. A boar with such a “ wart” on his loin produced ten or more 
young with warts, by various sows which probably carried the factor, as the condition 
appears to be recessive. 
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inheritance of moles and naevi, with two pedigrees. Corson (1934) 
described naevus flammeus niichae (Unna^s naevus), a mild form at the 
nape of the neck. He found it in 5 per cent of 760 persons examined, 
including a mother and daughter. It is probably a common simple 
dominant. 

Brauer (1929) described a Dutch family with 38 cases (24c? 14 9 ) in five 
generations of naevus aplasticus as an irregular dominant with six skips. 
There is an area above the outer part of each eyebrow, running up to the 
temple, where the skin is depressed, smooth, hairless and yellowish or 
brownish in color. The sensation was normal and the condition could be 
unilateral or bilateral. 

Wile and Duemling (1930) described two sisters with the same dis- 
tribution of xanthoma. Pseudoxanthoma elasticum is a condition with 
symmetrical lesions of the skin, the elastic tissue being affected. The 
skin takes various colors and the lesions may occur in the neck, axil- 
lae, groins and elbows. Ten families were reported, with 4^ and 
13 f cases; the condition is probably recessive, with a large excess 
of affected females. It has been reported in Irish, English, German, 
French, Italian and Japanese. A closely related condition is recorded 
in three families of Danes and Norwegians, in which there are firm, 
raised whitish-yellow lesions on the chest with a hair in the centre 
of each. Lack of elastic tissue is shown histologically and it is probably 
dominant in inheritance. 

A peculiar abnormality of skin color was reported in a Russian boy and 
girl, sibs with fair hair and skin, by Wende and Bauckus (1919). At one year 
of age, pigmentation began in the scalp and hair, face and trunk, the face and 
trunk finally becoming almost black. Partial depigmentation processes led 
to variegated coloring ranging from white to yellow, brown and blackish. 
There were many chroma tophores in the corium. 

Acrokeratoma Is the name applied by Neuberger in 1891 to a condi- 
tion, first recognized by Mibelli in 1889, In which the whole skin, the 
nails, conjunctiva and mucous membrane were brownish-yellow, the 
skin rough and sprinkled with violaceous nodules containing yellow 
fluid. The nails were thick, the hair scanty, no sweat and no sub- 
cutaneous fat. In a German family there were three affected males in 
three generations, so the mutation was probably dominant. Pringle 
(1913) described such a family with telangiectases or warty growths 
in groups and thickening of the epidermis chiefly on the feet and legs 
of the children. A man and his three sons were all affected. Under 
the name acrokeratoma hystriciforme, Tommasoli described a young 
woman whose mother and grandmother had the above defect more 
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strongly. Beginning at puberty, the skin became wrinkled, harsh, 
dry and dark, with black horny excrescences on the hands and over 
the joints (like ichthyosis hystrix). The horny layer of the epidermis 
was enormously thickened. 

Maleda is a little island on the Dalmatian coast, whose population is 
closely intermarried. They were supposed to have leprosy, but the condition 
which has been known for over a century proved to be an inherited skin 
abnormality, now known as Mai de Maleda. Siemens called it keratosis 
palmo-plantaris transgrediens and found seventy causes. In 1930 there were 
still twenty-one cases. Those affected show keratosis of the palms and soles 
with hyperidrosis. It differs from tylosis in having hyperkeratosis also on 
the back of the hands and feet, the knees and elbows and sometimes on the 
forearms and legs. From the pedigrees of Neumann it appears to be domi 
nant, but as the gene is frequent in this inbred population it may be recessivt. 
A similar condition described in France, in which the teeth were also defec- 
tive, is definitely recessive. A case in an English girl, with symmetrical 
keratodermia on the hands, forearms, knees, ankles and feet, is very similar. 

Tylosis palmaris et plantaris (also known as ichthyosis or keratosis 
palmarum et plantarum) is a condition in which there is great thicken- 
ing of the palms and soles, generally with hyperidrosis. The middle 
layer of the stratum corneum is most thickened, but those affected 
do not experience inconvenience. Bloom's (1931) Greek family had 
12 cases (60^ 69) in four generations, strictly dominant. Cockayne 
lists 47 families with 594 affected : 483 normal. The condition is 
dominant, with 318 c? : 284 9 affected. In Hahn's pedigree there were 
27 cases (12 c? 159) in five generations, strictly dominant. One 
marriage was between two parents, both affected (heterozygous). 
They had four affected children and one normal. The two who had 
children were both heterozygous (having a normal child). One of 
the others might have been homozygous, but if so the condition must 
be completely dominant in the heterozygote. In several cases the 
tylosis may have originated de novo by mutation. 

Hanhart described a Swiss family in which the affected members 
developed tylosis at fifteen and multiple lipomata at twenty-two years 
of age. There were five cases, all males, in three generations, and these 
two conditions are probably closely linked, but the tylosis develops 
much later than usual. Jacob and Fulton (1905) published a pedigree 
of tylosis with 14 cases (7 cT 7 9 ) in five generations. The original 
woman was probably a mutant and all her twelve children were 
affected. This is Gassage's (1908) version of the pedigree which, as 
Cockayne states, is probably the correct one. It is very rare, however, 
for an original mutation to be homozygous, and not readily accounted 
for, A similar, but early, case of a homozygous hexadactyl mutation 
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IS recorded on p. 416. Both members of a pair of somatic chromosomes 
would have to undergo the same mutation. Gossage cites another 
family with 7 cases (3 cf* 4 9 ) of tylosis in four generations and one 
of Thost (1880) with 15 cases (10 cT 5 9 ) in four generations, all domi- 
nant with no skip. In an English family with five cases in four genera- 
tions and a Brazilian family with cases in three generations the condi- 
tion was limited to the female sex and occasionally skipped a generation. 

A family with keratosis palmarum et plantarum and short, broad hands 
was recorded by Thatcher (1912) on a small island in the Shetlands. The 
normal parents, who were related, had three of five children affected, so this 
is probably a recessive. 

Tylosis plantarum, in which only the soles are affected, was observed 
in a grandfather, father and son. It could be dominant, but the boy 
had twelve normal sibs. Keratodermia palmaris, with only the palms 
thickened, was described in two brothers with normal parents (Craw- 
ford, 1922) and may be recessive. Keratosis palmarum et plantarum 
without hyperidrosis was described in seven families, mostly French, 
but one Polish and one Negro — a simple dominant. In the variety 
striata the thickenings tend to take a linear arrangement. Five families 
are recorded, the condition a simple dominant, but with much varia- 
bility which may be due to modifiers. In keratodermia maculosa horny 
papules develop on the skin of palms and soles. Fourteen families 
were recorded, with 34 affected .*42 normal, the affected 250^ :2i 9. 
One case originated de novo by mutation. 

Keratoma dissipatum is the name applied to a condition which is 
clinically indistinguishable from the last (hard, horny papules develop 
on hands and feet), but the inheritance (in three families) is holandric. 
Brauer (1913) gives a pedigree of nine cases (all males) in two genera- 
tions. As the original parents were normal, the mutation in the fa- 
ther’s Y-chromosome must have occurred early in his germplasm. His 
nine direct male descendants in two generations were all affected. 
In the third generation there were eleven sons, all too young to develop 
the lesions. In Junghanns’ (1922) family the condition appeared in the 
males of three generations. In another family, normal parents produced 
three affected sons and four normal daughters. In the third generation 
the sons produced six grandsons, all affected, and one normal grand- 
daughter. The females of the second generation, on the other hand, 
produced eight sons and four daughters, all normal. Hence the inher- 
itance was clearly in the Y-chromosome. Unna’s type of keratoma of 
palms and soles is dominant (Gunther, 1932). Michael (1933) reports 
a family in Texas with six generations of dominant keratoderma dis- 
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seminaturn of palms and soles, 33 cases (iSc? 189) and only one skip. 
The papules arise around the sweat glands. Whether the diffuse atifi 
striate forms of keratoderma represent separate genes or are an example 
of heterophenism (Siemens) is uncertain. The papular form is less 
intense than the diffuse and appears later (about eighteen years of age). 

Keratoma mutilans is a form of keratosis leading to spontaneous 
amputation of certain fingers near the base. Several families with 
dominant heredity have been described, and one mutant. The condi- 
tion may be the same as ainhum, which is widely known in Negroes 
of West Africa, West Indies and Brazil, but has not been regarded as 
hereditary. 

In erythema palmare the palms are bright red and sharply demar- 
cated, probably through dilatation of the capillaries. Lane (1929) 
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Fig. 120 . Hereditary eczema. (After Mayr) 


described it in two families: in one, a boy and girl were affected, and 
a sister normal; in the other, the father, son and daughter had red 
palms, eight sibs were normal and the son had five normal children. 
It is probably an irregular dominant. Several other cases were reported 
in the discussion. 

There are many varieties of eczema, a condition with local burning, 
itching and vesiculation of the skin. Some forms are congenital and 
one form is an expression of allergy. There is frequently a constitu- 
tional factor, but it has been very little studied. The earlier dermato- 
logical literature gives strong indications of the hereditary character 
of eczema. E. Veiel, in 279 cases of chronic eczema, found inheritance 
in 1 1 2. Also in several sibs or twins circumscript eczema, especially 
of the seborrhoeic sort, in different locations and with different mor- 
phology, gave indications of heredity. Mayr (1935) described a case 
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of identical twins, twenty-one years of age, who are descended from 
a common ancestor five generations back (Fig. 120). At twenty-one 
months they both had a crustaceous rash on the head, which remained 
for three years. In the second year it spread to the body, where it 
remains in varying intensity, especially in spring and autumn and 
at menstruation. The inheritance is evidently recessive and he suggests 
that several genes are required for its production. These twins had 
the same heredity and the same environment, with a like weakness. 
The. relation of eczema to constitution merits fuller study. 

Ectodermal dystrophies of the skin take a wide variety of forms, each 
specifically inherited and each affecting teeth, hair, nails, sweat glands or 
other structures of the skin more or less profoundly. Those mutations 
in which the teeth are mainly affected will be considered in a separate 
section. 

Hypertrichosis universalis, hypertrichosis lanuginosa or “dog-faced” 
men is a very rare condition in which the face and body are clothed 
with hair. The ears are generally hairy at birth, while facial and bodily 
hirsuties begin at two to seven years. The hair continues to grow until 
the body and face, except the palms and soles, are covered with long, 
silky, silvery gray or pale yellowish hair which may become 8 to 10 in. 
long. The dentition varies from an almost complete lack of teeth to 
only two or three missing. A full account is given by Danforth (1925), 
who states that probably not more than thirty families are known, and 
Cockayne (1933). One family lived near Innsbruck about 1600. The 
mother was normal, the father, son and three daughters hairy. In 
another family in Basle about the same time the father, son and 
daughter were hairy. A celebrated Burmese family (Crawford, 1854) 
began with a dog-faced man who was said to have had normal ances- 
tors. He had four children. Two died young, the third was normal 
and the fourth, a daughter, was hairy and had two hairy sons (Youle, 
1858). The affected were born with hairy ears. The incisors were 
present, the canines and molars absent, and the hair developed at 
one year or five years. A Russian family in 1828 consisted of father, 
son and daughter with hypertrichosis and few teeth. A Polish family 
near Warsaw consisted of father and son, the grandparents being 
normal. From the few other recorded cases it is clear that this very 
rare dominant condition has arisen as an independent mutation several 
times in different races. That it has any atavistic significance is doubt- 
ful. Von Luschan (1907) estimated that a new case occurs about once 
in a thousand million of population. Liu (1937) describes another case 
in China. It is curious that the least hairy (Mongolian) race shows 
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this mutation most frequently. Danforth (1925) gives a great deal 
of other information on the inheritance of hair conditions. 

Hypertrichosis terminalis with simian features has occurred twice 
in parent and child. There is a persistent growth of lanugo, and long 
black hair covers the body, irregular teeth and a simian face complet- 
ing the syndrome. One case was that of Krao. She was born in Tonkin 
and brought to Europe at the age of six years. The other was Julia 
Pastrana, the dancer, born in Mexico of normal parents. In i860 
she gave birth to a son like herself. Lesser degrees of hypertrichosis 
in men can be observed on any bathing beach. Redlich (1926) noted 
cases of men with the back and shoulder covered with hair, others 
with hairy chest and still others with markedly hairy legs. Studies of 
the inheritance of these conditions are needed. Lehmann-Nitsche 
(1914) described a man of German, Italian and Bohemian descent who 
was very hairy on the breast and abdomen. His parents and four 
grandparents all had full head-hair in old age. 

Excessive growth of the beard or moustache has sometimes been recorded. 
Allworthy (1909) noted the case of a man with a remarkably luxuriant beard. 
He rolled it up in a pad as a chest protector, but his throat and chest suf- 
fered and he died in consequence at sixty-four. The beard at one time 
measured 130 in. in length, although at times he had to cut off considerable 
portions which became unmanageable. Beigel (1868) relates the story of 
three similar cases: (a) the burgomaster of Braunau in 1572, whose beard 
reached the ground and he was killed in mounting his horse when his beard 
caught in the stirrup; (b) a Hungarian soldier in the Turkish war, who could 
cover his whole body with his beard, like a mantle; (c) a carpenter whose 
figure stands in the courtyard at Eidom, who rolled up his beard in a bag 
while at work. He cites other cases of hypertrichosis. 

A condition of local hypertrichosis of the forehead and neck was reported 
(Boas) in some Indians in British Columbia. The women had hair two to 
three cm. long here, only a small triangular patch near the glabella being free. 
In South American Indians a less extreme condition is reported, hair cov- 
ering all the sid^s of the forehead. Lusha (1923) cites a Czech family in 
which hair covered the forehead and all the way down the spine. A girl, 
her father and both his grandfathers were the same. Hershan (1927) finds 
a hereditary type of hypertrichosis in women, affecting the beard, arms and 
legs but independent of hormone action. 

Hypertrichosis of the eyebrows (as heavy as a moustache) in a father 
and one son was described by Monteiro (1921), and hypertrichosis of 
the eyelashes in a father and two of his daughters (Marquez, 1928). 
Michelson (1885) recorded a family (Fig. 12 1) with missing teeth, 
mostly upper incisors, in some members and hypertrichosis of the 
chest, shoulders and back in others. Some also had hairy hands, nose 
and ears. The head hair was very thick and the eyebrows bushy. 
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The text states that there were five affected males in generation III. 
The original ancestor had both the hypertrichosis and the missing 
teeth, the genes for which are evidently in separate chromosomes. 



I = Hypertrichosis 
n = Missing upper incisors 

Fig. I2I. Pedigree of missing incisors and ln’])ertrich()sis. (After 

Michelson) 

Trotter and Danforth (1922) made a study of facial hypertrichosis in 
women. It has generally been regarded as a result of endocrine disturbance, 
but there is little evidence for this, and it appears to be due to germinal 
factors controlling the amount of hair. Out of 350 women college students, 
94 (26.8 per cent) had facial hypertrichosis. It was found that colored 
women and insane women showed about the same frequency of hypertri- 
chovsis, and it is not associated with reduced fertility. As regards inheritance, 
.since the condition cannot be recognized in the male, its statistical frequency 
in the female was calculated on the assumption of a dominant factor being 
concerned, and this gave results in accordance with the observed frequency. 
In a study of 29 cases of hirsutism in females, Bissell and Williams (1945) 
found in the majority no endocrine derangement and considered these 
“iodiopathic.” Twenty-four had a heavy beard which required daily shav- 
ing, twenty-three had the male pubic hair distribution, eleven had an en- 
larged clitoris, while some showed obesity or menstrual abnormalities, and 
one was a case of pseudohermaphroditism. Hormones from the anterior 
pituitary, adrenals, thyroid and gonads are known to affect hair growth, 
and hirsutism in the female is often associated with disease, especially 
neoplastic, of these organs. 

'danforth (1921) has also made an investigation of the distribution 
of hair on the digits of man. Complete absence of hairs from the middle 
segment of the digits is a recessive trait. It is a useless character, yet 
widespread. The evolutionary tendency to lose the hair from the 
terminal and middle segments of the digits is present both in man and 
the anthropoids. Man alone has lost all hair from the terminal seg- 
ments. The inheritance was studied in 80 families with 178 children. 
With the exception of five children in two families, no child exceeded 
the degree of digital pilosity of the more hairy parent. The progressive 
phylogenetic loss of hair from the digits appears from these observations 



340 


HUMAN GENETICS 


to be brought about by one or more recessive genes, or a main gene 
with modifying factors, of which sex may be one. 

In a recent study of mid-digital hair, Bernstein and Burks (1942) 
have extended Danforth’s study. They find no difference in sex- 
incidence at ages below eighteen years. A drop in frequency in females 
after this age is regarded as due to housework. The Irish are found 
to have less mid-digital hair than other north Europeans, Italians 
still less and Negroes least of all. Danforth’s finding that a child will 
generally have mid-digital hair on no more fingers than its more hairy 
parent is confirmed. The authors offer a multiple allele hypothesis, 
Ao, Ai, A2, As, A4 (in order of increasing dominance), the subscripts 
corresponding to the number of fingers with mid-digital hair, AqAo 
corresponding to absence of such hair. There is phenotypic over- 
lapping between As and A4. 

Pili incarnati is a condition in which the hair follicles of the beard 
are oblique, so that the hairs grow into the skin again, forming pustules. 
There are often two or three hairs in one follicle. It is believed to 
be very rare, but may have been overlooked. It occurs in the Nordic, 
Egyptian, Semitic and Negroid races. Three affected brothers were 
described in one Nordic family (Weninger, 1928). The condition 
is of course sex-limited and may be recessive. The teeth and nails 
are normal. 

Baldness exists in different forms and may be combined with more 
or less complete hairlessness of the body. Dorothy Osborn (1916) 
tabulated the results for twenty-two families showing ordinary early 
baldness and concluded that the condition is inherited as an autosomal 
dominant character (B) from father to son, being recessive in women, 
who can transmit it but are only bald when homozygous (BB) for 
the gene. This difference in the sexes is no doubt associated with the 
different sex hormones, which in turn depend on the presence of one 
X-chromosome or two.^ Men and women who are BB will be bald, 
Bb men will be bald but Bb women will not. The character is inherited 
in the same way as horns in some breeds of sheep. One of Osborn’s 
four pedigree charts (Fig. 12, p. 27) shows in four generations three 
cases of baldness in women, as well as fourteen cases in men, some of 
the others having thin hair (T). Case III. 10, who had very thin hair, 
was evidently a carrier. Her husband was bald, so the mating would 
be Bb X Bb. The expectation is3»’:icf:it ;39 and the actual 
numbers of children 4 ; 2 : i : i. That there is some irregularity in 
dominance in females is shown by II. 5, who was Bb, in very poor 

^ That sex hormones are involved is indicated by the fact that observations in Eastern 
harems show that a eunuch never develops the male type of baldness. 



SKIN AND TEETH ABNORMALITIES 


341 


health and much older than other members of her family when bald- 
ness appeared. Case II. 9 also had thin hair and would be Bb. 

Snyder and Yingling (1935) produce further pedigree evidence 
showing that a normal woman can transmit 
baldness from her father to her son and (Fig. 122) 
that when both parents are bald all the sons 
and half the daughters will be bald. They also 
make a useful analysis by the gene-frequency 
method, which may be briefly stated here. 

If = frequency of B and 2 = frequency of 
b in the population, so that p q = i, XY being the sex chromosomes, 
then with random mating the offspring and their frequencies will be 
as in Table 12. 


i 6 • i 6 

Fig. 122 . Inheritance of 
baldness. (After Snyder 
and Yingling) 


TABLE 12 

INHERITANCE OF BALDNESS 
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Square i contains all the bald women, square 8 all the non-bald men, 
their respective frequencies being ^ and Now the proportion of 
bald women in the population will be half the proportion of baldness 


among women, or 


^ and p = Vbaid 9 9 . Similarly 


q =Vnon~bald so that Vbaid 9 9 +Vnon-bald cTcf’ 


Nearly four thousand inmates of the Ohio state hospitals for the insane 
(over thirty-five years of age) were examined for baldness, the frequency 
being .4296 ± .007 for males and .0775 ± .004 for females. In the general 
population the frequency of baldness in men was essentially the same, 
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4 050 ± «02 3« F rom the above values/) = .278, q = .755 and in the equation 
\/bald9 9 +Vnon-baldc?’ c? ~ i‘033 ± .009, showing the correctness of 
the hypothesis. 

Fantham (1924) described a Transvaal family with early baldness, 
all the men (nine in three generations) becoming prematurely bald 
with the same pattern, while the women have abundant hair. In 
the grandfather the onset of baldness was at twenty-one, in all the 
others at about eighteen, with rapid loss of hair above the level of 
the ears. This might be due to a gene in the Y-chromosome, but it 
is more probable that women also transmit the condition. In any 
case, the condition may be nearly sex-limited rather than sex-linked. 
The gene is autosomal and the difference in the sexes probably results 
from the great difference in activity of the sebaceous and sex glands. 
This is well shown in a case described by Barber (1929). A female 
patient developed a tumor of the suprarenal cortex; she grew a beard 
and moustache, developed amenorrhoea, with loss of scalp hair like 
male baldness. After the tumor was removed she developed menstrua- 
tion, the hair fell from her face and regrew on her bald scalp. This 
shows the remarkable extent to which the sex hormones have control 
of hair and skin characters. 

Baldness may also be associated with progressive decrease in the 
concentration of thyroid in the blood. It is no doubt more common 
in some races than others, and appears to be less frequent in primitive 
peoples. Jenness (1928, p. 104) observed a single Eskimo in the Corona- 
tion Gulf region who was bald. He had a seventeen-year-old son who 
was nearly as bald as his father. There were no infectious diseases 
and the condition must have been inherited. Fantham (1925) observed 
a South African family of English descent with a small bald spot about 
an inch across over the left ear. There were ten cases in three genera- 
tions. It occurred in both sexes and was a simple dominant, except 
that in one case it skipped a generation. 

Duerden (1918, 1919) showed that in crosses between the North African 
and South African ostrich the bald spot on the head of the former behaves 
as a simple domincint character, not sex-limited. In the chicks the head is 
covered with a bristly down, but in the North African birds this gradually 
falls out during the first few months and is not replaced by feathers. Sturkie 
(1941) studied a recessive gene with incomplete penetrance in fowls, which 
produces bald areas. In ten-day embryos blebs filled with fluid appear over 
the cerebral hemispheres and the eyes. They form between the dermis and 
epiderniis and prevent the downgrowth of the latter which is necessary for 
feather formation. The separation of the layers of the skin is due to defects 
in the epidermis. 
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Many studies relate to the quantity of hair on particular parts of 
the body. Hypertrichosis and hypotrichosis are both inherited, as 
well as alopecia (complete loss of hair). The human races differ in the 
haimess of their bodies, the Negro having little hair, the Mongolian 
probably even less; the white races have a considerable quantity, with 
wide variations in the amount on chest and back. The inheritance 
of these differences has been little studied, as yet; the Ainu probably 
have the most hair of all. In a little-known work on the hair of man- 
kind, Friedenthal (1908) gives descriptions with numerous colored 
plates showing the distribution of hair on the human body, and the 
extremes of plus and minus variation in various races of man and 
some apes. Ainu are figured, in some of which almost the entire body 
has a hairy covering. It is probable that sexual selection as well as 
hygiene played a part in decreasing the primitive hairy coat of man- 
kind, especially in the warmer climates. This and many other features 
argue for the evolution of the Negro race under tropical conditions, 
the white race In temperate regions and the Ainu in the subarctic. The 
relatively hairless Eskimos would then be descended from Mongolian 
ancestors who evolved in a warmer climate. It is evident that life 
under arctic conditions, or those of Magdalenlan Europe, was impos- 
sible until man learned the use of clothes. The Ainu appear to have 
been the only possible people in a cold climate who for clothing made 
their skin do. 

Alopecia congenita or hairlessness can of course be produced by 
disease. When inherited, it may be dominant, recessive or sex-linked 
in different families. Gossage (1908) recorded seven families in which 
the children are born hairless or the hair Is lost in the first few months 
of life, the condition being dominant, with twenty-six affected members. 
Danforth (1925) cites a dominant pedigree from Linzenmeier with 
nineteen cases in five generations. In Fischer’s (1910) Bollenbach 
family near Colmar in Upper Alsace, the affected members were almost 
devoid of hair, their nails were defective and their teeth decayed early. 
The inheritance was probably recessive, if two cousin marriages in 
later generations are assumed. The two antecedent generations were 
normal although they Involved cousin marriages. The abnormal section 
of the family was dying out, as the affected members generally remained 
single and only two old men were left. Their death would extinguish 
the abnormality after the occurrence of fifteen members in three gen- 
erations, except in so far as it is still carried recessively in other mem- 
bers of the family. Sobajima (1927) described a Japanese family in 
which alopecia was inherited as a sex-linked recessive, with twenty- 
nine affected males. The hair was absent at birth or fell out between 
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the first and third years, While there is no sharp line between alopecia 
and hypotrichosis, the former term should be confined to the more 
extreme degrees of hairlessness. 

A Punjab Mohammedan family in Burma (Fig. 123) had three 
members, all males, who had complete alopecia except for a few dowiiy 
hairs on the head and in the armpits (Sein, 1936). They perspired 
freely and there were no nervous or endocrine disorders. The condition 



Fig. I2J. Pedigree of hairless family in the Punjab. (After Sein) 


is clearly recessive and might be sex-linked, but the sisters of the 
affected men did not transmit it. Oliver and Gilbert (1926) described 
another of the many forms of alopecia. In two brothers with normal 
ancestors it was associated with keratosis pilaris, which apparently 
prevented the hairs coming through the scalp. 

Featherless pigeons (Cole and Owen, 1944) is a mutation recessive 
to normal. In fowls, nakedness is a sex-linked semilethal recessive. 

Alopecia areata is a condition of baldness in patches, leaving the 
scalp white. It was formerly supposed to be due to infection but is 
now regarded as a trophoneurosis arising from abnormality in the 
sympathetic nerve supply to the skin or its blood vessels. There may 
also be a toxic or psychic factor involved. Cockayne listed six families 
with 13 affected : 24 normal. A dominant gene is probably involved, 
together with an environmental factor to account for the large excess 
of normals, and both sexes are equally affected. As those affected are 
stated nearly always to have dark hair, there may perhaps be linkage 
between this gene and that for dark hair. 

Tr6nel and Prieux (1930) studied a family with congenital alopecia 
and cataract, but independent genes were involved. The dominant 
cataract (three cases in three generations) came from the mother’s 
family and was combined with total alopecia in one of her daughters. 
The alopecia was an irregular dominant on the father’s side, with 
8 cases (3 o’ 5 ? ) in four generations. The children were born with 
hair, which disappeared in the first few months. The eyebrows were 
blond and a few soft hairs remained on the head ; axillary and pubic 
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hair was present and the teeth were normal. One child combined 
total alopecia with bilateral cataract. 

Thorner (1940) records a woman with total loss of hair, of two years’ 
duration. A sister lost her hair in spots in childhood, with spontaneous 
return later. The parents were unrelated and the condition is attributed to 
endocrine unbalance. Gillespie (1937) found four sibs out of five with 
recessive congenital alopecia totalis, the parents related; and Brain (1938) 
a family with 4 cases (i cf 3 9) of very thin and scanty scalp hair in three 
generations. 

'■Alopecia or hairlessness occurs in many mammals, including horses, 
cattle, goats, dogs, pigs, rats, mice (domestic and Peromyscus), rabbits 
and guinea pigs. The corresponding featherless condition is known 
in fowls (dominant), turkeys, parrots, canaries and pigeons. Various 
incompletely featherless conditions are known in fowls, in which certain 
pterylae only are involved, as in the bare-neck breed. 

In a herd of Holstein-Friesian cattle in Wivsconsin, Cole (1919) described 
a condition in which certain incisor teeth were lacking or deficient, so that 
grass could only be cropped with difficulty, and the hair was very short, 
especially on the neck and head. Five calves of this recessive type appeared. 
Mohr and Wriedt (1928) gave a full account of practically complete hair- 
lessness in Swedish Holstein-Friesian cattle, due to a sublethal recessive gene. 
By tracing back the pedigrees it was shown that a bull imported from Fries- 
land in 1902 was heterozygous for hairlessness. This condition became 
widespread in the breed. The calves, which die a few minutes after birth, 
have a smooth, glossy skin. There are hairs on the muzzle and around the 
eyelids, the ears are normally covered, but there are few hairs elsewhere. 
The hoofs and teeth are normal. The condition of the skin was due to a 
marked delay in its embryonic development. The sweat glands were greatly 
enlarged, while the development of hair was only about to begin. 

David (1932) compared hereditary hairlessness in mammals. A case in 
mice (ikf. musculus) was described in 1850. Dominant hairless (Nn) retains 
patches of hair in the heterozygote and is lethal soon after birth in the 
homozygote. The recessive hairless condition (hrhr) is found in the house 
mouse, in Peromyscus, the rat (M. Norvegicus) and the rabbit. The teeth 
are normal in all except the rabbit but the nails of hairless mice are hyper- 
trophied. In the rabbit there is partial agenesis of the hair follicles. In the 
house mouse, Gates and Pullig (1945) find that the gene for hairless is 
linked with that for dominant white spotting. 

The hairless Chihuahuan dog of northern Mexico is described (Journ, 
Hered., VIII. 519). It is rare, is very sensitive to temperature changes, and 
is said to have defective teeth. Hairless X normal gives, at least in some 
cases, half of each type. Naked dogs have also been known from Ceylon, 
Turkey and Africa, the hairless condition being dominant. Hairlessness has 
been reported at various times in different species of mice. Sumner (1924) 
described the hairless mutations which appeared in breeding experiments 
with different stocks of Peromyscus. The skin is usually corrugated in folds, 
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and they usually die young. Fifty-two hairless descendants were obtained. 
In crosses the condition was a simple recessive, but there was a deficiency 
of hairless due to their lesser viability. Hairlessness in rats, due to a single 
recessive factor, is recorded by E. Roberts (1929). A practically hairless male 
wild rat mated with the backcross offspring from an albino female gave in all 
twenty-two hairless offspring, the hair falling out after twenty-four days. 

Hairless rabbits, again a simple recessive, are described by Kislovsky 
(1928). They appeared from inbreeding normals and were recognizable at 
about two weeks of age, DR X DR litters giving 17 normal : 7 hairless. 
Usually there was hair only on the muzzle, tips of the ears, the back of the 
legs, and a tuft behind the scapula. Some had defective and some normal 
teeth, but all died before they were a month old; so the condition was 
lethal and they could not be bred. In pigs (Welch, 1917) the conditions 
appear to be different, and the kind of hairlessness accompanied by goitre 
which occurs in them is due to an enlarged thyroid which is deficient in 
iodine. This condition, which occurs in pigs, lambs and calves in goitrous 
regions of the northwestern United States, can apparently be prevented 
by feeding iodine during the period of gestation. 

In fowls, the bare-neck breed was described by Davenport (1914). It is a 
simple dominant mutation, in which the neck pteryla and certain other 
parts of the skin are devoid of feathers. Davenport suggested that an anti- 
enzyme inhibitor is present which prevents the development of the enzyme 
normally causing feather-formation. Crew (1922) has further described 
these hackleless fowls, and Greenwood (1927) points out that the apteria 
are devoid both of feathers and also of the down and semiplumes which 
are found on the apteria of normal fowls. The bare skin of the neck is also 
thickened and congested with blood vessels, like the comb and wattles. 
This type is known from Transylvania and also from Barbados. Danforth 
(1928) applies the term alopecia to absence of feathers. In Rhode Island 
Red fowls a hen appeared with almost full feathering on the head and upper 
neck, the rest of the body showing deficiency, there being only a few wing 
feathers, the sides of the body bare, and the tail rudimentary. A piece of 
skin grafted from a Leghorn produced feathers, indicating that the naked- 
ness was not due to lack of endocrines. 

Mid-dorsal hair whorl^ with reversal of the hair streams lower down, 
is apparently rare in Caucasians. Fenner (1942) described a single 
case. Wood -Jones found it in 61 per cent of pure Australian aborigines 
in Victoria, Gray in 43 per cent of Central Australians, and Wood- 
Jones in foetuses of mixed descent from Hawaii. 

Hypotrichosis is a related condition which occurs in several distinct 
forms. There are at least two dominant forms and probably more than 
oke recessive type. The dominant forms {hypotrichosis universalis) 
are: (l) with hyperidrosis (one family); (2) with more or less hyper- 
trophied sebaceous glands. Berglund (1924) recorded a family with 
6 cases (4cf 29) in two generations; (3) alopecia with defective nails 
(Pinkus); (4) hypotrichosis with defective nails (to be described 
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below) ; (5) hypotrichosis with small sebaceous glands (Hanover family 
of Unna) ; (6) with increase of hair at puberty (two families) ; (7) alo- 
pecia affecting only the scalp (two families). These seven types all 
differ in certain respects. They are all strictly dominant. In relation 
to each other they may be different genes (some perhaps alleles) or 
they may represent a single gene with modifiers. Henckel (1935) 
described identical triplets (Fig. 124) and a cousin descended from 
two cousin marriages. Born with dark curly hair, it fell out at six 
months and was replaced by a light lanugo. The inheritance is evi- 
dently recessive. 



Fig. 124. Pedigree of recessive congenital hypotrichosis. 
(After Henckel) 


The hairless condition occurs in various races as independent muta- 
tions, but appears to be less frequent than albinism. Miklucho- 
Maclay (1881) described two completely bald and hairless Australian 
aboriginals in Queensland. Their nails and teeth were normal. Hill 
(1881) saw two hairless sisters, probably from the same family, and 
reported that a number of others were hairless in this tribe. 

Hypotrichosis et dystrophia unguicutn or dystrophy of the nails and 
hair, also known as onychogryposis. Is an ectodermal dystrophy or 
developmental defect of hydrotic type in which the nails are conspicu- 
ously affected, but the sweat glands are present. Oliver (1925) gives 
a brief account of its occurrence in grandmother, daughter and grand- 
daughter. Most of the families have been recorded in France and in 
French Canada, where it is particularly prevalent; but there is one 
Danish family and one German (Bloch, 1925). The latter had sixteen 
cases in five generations, beginning with a woman having congenital 
lack of eyelashes, eyebrows, finger- and toe-nails. The hair and teeth 
were normal. The condition was dominant, as in all other pedigrees 
of this condition. 

The French-Canadian family originated in the same part of France 
that the other cases came from. All cases reported on the American 
continent are from this source, the family having come to Canada 
before 1759, so the transmission has doubtless taken place over more 
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than two centuries. Jacobsen (1928) described a branch of this family 
in Buffalo (Fig. 125) with 22 cases (7 c?' 15 9) in five generations, and 
Clouston (1929) has given a full account of the family. He says it 
never skips a generation, and estimates that there are now over six 
thousand affected individuals in North America. They show every 
degree of the defect. The dystrophy involves nails, hair, the sebaceous 



Fig. 12$. Pedigree of dystrophy of hair and nails. (After Jacobsen) 


glands and to some extent the sweat glands. Other ectodermal tissues 
are involved, e.g., the teeth, the nervous system and ectodermal glands 
of internal secretion. The skin is also pigmented, particularly the 
knuckles, elbows, axillae, areolae and pubes. Superficially the affected 
persons fall into two groups, (i) those with defective or absent nails 
and hair, (2) those with defective nails only. The hair condition is 
congenital hypotrichosis. Unlike some other families, the affected 
are no smaller than their normal sibs and their intelligence is average, 
but many are mentally defective. The anterior pituitary may be 
involved, in cases with features suggesting acromegaly (tufting of the 
terminal phalanges in every adult male X-rayed). Experiments with 
mice indicate that the condition is sublethal in the homozygous state. 

Clouston saw members of five generations, two of whom are great- 
grandfathers. Their grandmother was the earliest case that can now 
be traced. She had five children with the dystrophy. One daughter 
w^ the ancestress of Jacobsen’s family and a son is ancestor of Clous- 
ton’s family. There are 118 affected descendants in six generations 
(57 o' 61 9 ) of this line. The sibships number 79 affected : 86 normal, 
the inheritance being strictly dominant with no skips. Clouston is 
unduly optimistic in supposing that improvements in the conditions 
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will eliminate the dystrophy in a few generations. The laws of heredity 
are inexorable and even in optimum conditions the germinal defect 
may be expected to be handed on in its full strength. It can only 
be eliminated if those who are afflicted develop a restraint which they 
have failed to show in the past, and refrain from having descendants. 

Joachim (1936) recorded another French-Canadian family with 20 cases 
(40? 169) in six generations. There was complete alopecia of the scalp, 
with absence of axillary and pubic hair as well as nail dystrophy. Eyebrows 
were practically absent and eyelashes sparse. The sibships numbered 19 
affected : 23 normal, but there was a striking excess of affected females. 
Barrett (1919) reported a large family having defective hair and nails 
associated with hypo -thy roidism producing neurological disorders, feeble- 
mindedness and abnormalities in behavior. There may be two independent 
genes involved. Tobias (1925) and Thompson (1928) reported dominant 
pedigrees of dystrophy of the nails alone. 

Another family of French-Canadian extraction having nail dystrophy and 
alopecia is recorded by Wilkey and Stevenson (1945). There were 64 cases 
(37 c? 27 9 ) in six generations. The nail defects were in three related forms, 
and at least 39 of these cases had some degree of alopecia. The skin of the 
hands was rough and thick, but the teeth were not affected. 

In the II published pedigrees, Cockayne found in sibships 242 af- 
fected : 253 normal ; those affected were 121#^: 134 1 . In all the French 
families there are many blonds among the affected, although French 
Canadians are generally dark. There may therefore be partial linkage 
between blondness and the defect, as there is between dark coloring 
and monilethrix. As the same applied to alopecia areata, it is possible 
that all these genes affecting the skin and its appendages are located 
in the same chromosome, which also contains the locus for dark or 
blond hair. These would form a group of five linked genes, but some 
of them may be allelic to each other. The alternative is mere chance 
association. 

The Cagots is the name applied for centuries to certain families who 
live in southeastern France, near the Pyrenees, and have some French- 
Canadian descendants. They probably represent the same dominant 
mutation as the above families. The hair becomes sparse long after 
birth and is of pale, almost yellowish color (hence perhaps linked again 
to the pigmentation locus) and they have the same onychogryposis and 
sparse hair on the trunk. Magitot (1892) described them. The term 
cagot is Celto-Breton, meaning descendants of lepers. In one family the 
sibships gave 14 affected : ii normal. The alopecia varies, and in 
addition to thickened finger- and toe-nails some show absence of the 
lateral incisors in both jaws. The Cagots are stated to have been wide- 
spread in the Pyrenees regions in the tenth and eleventh centuries. 
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They were ostracized and there was a special “porte des Cagots” in 
the churches. According to historians they were descended from 
lepers. In southern France they were called Capots, in Spain Agotes. 

The Nails 

Certain conditions involving the finger- and toe-nails are referred 
to in Chap. XI as well as in this chapter. Other dystrophies involving 
the nails more specifically may be referred to here. 

Pachyonychia congenita is a condition in which the nails become so 
thick and hard that a hammer and chisel is required to trim them. 
It may be combined with hyperkeratosis and hyperidrosis of the palms 
and soles, and in some with dyskeratosis of the cornea. In the original 
case of Jadasson and Lewandowski (1906) other symptoms in a brother 
and sister were keratosis of palms and soles and white patches on the 
tongue. Franklin (1938) described a similar case in a boy of seventeen. 
Cockayne (1933) listed 13 families with 14 affected : 25 normal sibs, 
16 if :3f cases, showing a preponderance of males. Possibly two 
autosomal genes may be required to produce the condition, or an 
inhibitor may be present. These claw-like nails have been found mainly 



Fig. 126. Pedigree of daw fingers (pachyonychia 
congenita). (After Clemente) 

in Slavs and in Jews of Slavonic origin. In the Filipino family of 
Clemente (1928), however, it is dominant (Fig. 126). Case III. 7 was 
apparently a mutation, as all his relatives were normal for at least 
two generations. Figure 127 shows the condition of the nails in one 
of the children (IV. 5). The toe-nails were equally affected, the nails 
becoming cylindrical at the tip. They were allowed to grow long like 
claws because cutting them was a painful process. 

Hyperkeratosis of the nails is a less extreme condition in which the 
nails become brittle and much thickened, especially at the distal end. 
It is strictly dominant and is found in Europeans, Filipinos, Singhalese 
and Tamils. A. G. Wilson (1905) described a family with seven cases 
in three generations. The hair and skin were normal. Exactly the 
same rare dominant condition was described by Murray (1921) in 
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another family. In this pedigree of seven cases there were two or more 
erupted incisors at birth, which soon decaytxl. The nails frequently 
had paronychia (whitlow). Thompson's (1928) family in Seattle 
showed 15 cases (10 cf 5 9) in four generations, dominant with two 
skips. Cockayne lists 7 pedigrees with 48 affected : 47 normal sibs, 
34 iT* :24t affected. Hobbs (1935) records a family in St. John with 



Fig, 127. Hands showing clawfingers. (After Clemente) (From the J. of 
Heredity) 


nail dystrophy of hands and feet, varying on one hand from a slight 
effect to complete absence of nail. X rays show that the distal pha- 
langes have spatulate tip)s. The condition is dominant, with ii cases 
(4tf' 7f ) in four generations, a strict dominant. In generation III, 
only one of seven affected married, whereas five out of ten of their 
normal sibs married, thus showing a marked effect of sexual selection. 
Stauffer and Simmons (1942) describe a family with hyperkereitosis 
of the big toe-nails only. A member married into another family with 
dominantly inherited sebaceous cysts. Three generations of offspring 
show thirteen persons with one or both defects, but no indication of 
linkage. 

Onychogryposis implies that the nails are hooked or incurved, but 
the name has been applied to conditions of hyperkeratosis. Orel (1928) 
described a family with all the nails thickest in the middle, the change 
frequently confined to the big toes. In some cases the nails grew out 
in a spiral. There were 19 cases (12 0^ 7 9 ) in four generations, strictly 
dominant. He thinks the first case was a mutation. Bloch recorded 
onychogryposis of the index fingers only in a father, son and two daugh- 
ters; and Kohler (1909) a family with only the toe-nails affected in 
four females in four generations. 
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In Koilonychia the nails are thin and fiat, becoming spoon-shaped, 
or they may be depressed from birth. Several incomplete pedigrees 
show dominant inheritance. In one family only the finger-nails were 
affected. Cipollaro (1930) described two generations of a family with 
spoon nails. It can apparently arise from iron deficiency (sideropenia). 
Periodic shedding of nails was described in a French family. A man, 
his mother and two of her brothers were affected, several other members 
having defective nails. Onycholysis, partial separation of the nail from 
its bed, is hereditary, probably dominant. Wilkes (/. Am. Med. Assn. 
122:1216, 1943) cites a case in mother and child. Fox (1940) reported 
30 cases (2 cf 28 9 ) associated with thyroid deficiency and low basal 
metabolism. 

Keratolysis or shedding of the whole skin is a more remarkable phenom- 
enon. Three single cases have been described, all in men. Frank and 
Sandford (1891) described a unique case in which the shedding took place 
on the same day every year for thirty-three years. It was preceded by a 
feeling of malaise with fever and vomiting. The skin of hands and feet came 
off complete, like gloves and moccasins. Stone (1900) described a man of 
fifty who had six normal brothers and sisters. His skin was shed every 
summer, including the hair of the head, the eyebrows and moustache a few 
hairs at a time, so that baldness did not result. The nails were also shed. 
The condition is described in Gould and Pyle’s Anomalies and Curiosities of 
Medicine. Although no familial case has been reported, the condition 
probably has a genetic basis. 

Leuconychia totalis is a very rare condition in which the finger- and 
toe-nails have congenitally a bluish-white color. In one family, father, 
son and daughter and a grandson were affected; in another (Oppen- 
heim, 1937), father and son had finger- and toe-nails bluish white, the 
lunula darker. Bauer (1919) cited a family with 19 cases (lOcf* 9 9) 
in four generations, strictly dominant. All but two of them had epider- 
moid cysts as well. This is probably a case of linkage. Leuconychia 
striata differs in having transverse white bands on the nails (father 
and son). In Leuconychia partialis there is a longitudinal white stripe 
down the centre on the finger-nails only. A brother and sister with 
normal parents may indicate recessive inheritance. Naevus striatus 
symmetricus unguis is the name given by Oliver and Bluefarb (1944) 
to the conditibn in a girl of twelve in which the nails of both thumbs 
and both little fingers were affected by naevus (malformation) of the 
nail plates. The mother, in her pregnancy, had been treated for erup- 
tion of the palms. 

Granulosis rubra nasi is a condition of sweating and redness of the 
skin over the nasal cartilages. It appears in young children and gen- 
erally disappears at puberty, but traces persist. It is probably an 
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irregular dominant. Cockayne (1933) collected 37 cT and 22 9 cases 
published in ten years, of English, French, German, Italian and Jap- 
anese families. Hellier (1937) found it in a mother and daughter, five 
other children being normal. 

Angiokeratoma begins with chilblains, then tiny telangiectases 
appear which form aggregates with a horny epidermis. Pringle (1913) 
described a family of two affected sisters with dark hair and three 
normal sisters with light hair. The parents were normal. In an 
Italian family with normal parents, seven out of eight sibs were 
affected, and in a French family a brother and sister. Pringle also 
saw the condition in a father and his three sons, and it appeared in 
mother and daughter of a French family. There is also a Japanese 
case. If a single method of inheritance is involved it is probably one 
of susceptibility. 

Darwin, in The Expression of the Emotions (p. 312), cites a number 
of cases of inheritance of a tendency to blush, and one in which mother 
and daughter blushed in the same peculiar manner. Excessive blushing 
has a psychological basis, while the blush area has a physical basis. 
Hutchinson (1891) cites a case of three brothers and a sister (whose 
normal parents were first cousins) having a flush-patch on the cheek, 
followed by permanent redness of the skin, perhaps due to some vaso- 
motor abnormality, but ending in a condition between lupus erythema- 
tosus and acne rosacea. 

An inherited anomaly of the hair is called catatrichy or natural bangs. 
A front lock of hair about 3 in. wide grows to a length of 5 or 6 in., 
then the hairs fall and are replaced by new ones. Stoddard (1939) 
described a family in which it was dominant, with 9 cases (i cf 8 9) 
in four generations. It is not seen in men because their hair is cut short, 
but was observed in a boy. 

Anidrotic ectodermal dysplasia, without sweat glands, is much rarer 
than the hydrotic type, but is a well-known syndrome in which the 
individual is toothless or deficient in teeth, frequently with conical 
or peg-shaped incisors; fine, pale, scanty hair; chronic rhinitis; absence 
of sweat glands and, in some cases, of lachrymal glands. Affected 
persons are short and slight, of delicate constitution, the bridge of 
the nose is depressed, the jaws and frontal sinuses undeveloped and 
the lips thick from a compensatory development of the orbicularis 
oris muscle (Fig. 128). The skin is smooth and dry and the individual 
suffers much from hot weather, although showing no discomfort in 
cool weather. In hot climates they acquire the habit of lying in water 
or having cold water thrown over them. Dogs, pigs and cattle lack 
functional sweat glands. Although the teeth and sweat glands are 
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both ectodermal structures, it is not clear why they are so specifically 
affected by one gene. 



i^Q. miiiuiuinj tfULoucriiuii uyspiasia in oromers. ^mier 
J. Smith) 


Thurnam (1848) described the two earliest cases, in a man and his male 
cousin. Almost complete abvsence of hair was combined with presence of 
not more than four teeth and absence of sweat and tear glands. A post- 
mortem showed the skull to be thick and of almost ivory-like density, the 
vermiform appendix double the normal length. Their grandmother had 
extremely delicate skin with very little perspiration. She was probably a 
carrier. Thurnam referred to two Jewish brothers reported by Danz in 1792. 
The next recorded case (Guilford, 1883) was a man of forty-eight with all 
the symptoms as well as almost total absence of sebaceous glands. Two of 
his eight children lacked many teeth. MacKee and Andrews (1924) de- 
scribed eight cases in a family with typical symptoms. Gordon and Jamieson 
(1931) record a typical case in a female of seventeen, born of Russian Jew- 
ish parents. They found twenty-one previous cavses in the world litera- 
ture. Cerny (1924) recorded the case of a girl of twelve whose ancestors and 
sibs were normal, so she may have been a mutation. Besides vSoft, thin hair 
and anidrosis slie had no teeth in the lower jaw. 

Many families are now known in which the condition is a sex-linked 
recessive, and others in which it is a straight dominant. Thadani 
(1921, 1934) gave a short account of a Hindu Amil community in 
Hyderabad in which the males were toothless (Bhudas), bald and 
extremely sensitive to heat. They are descended from one ancestor 
and are now in the sixth generation. Tn the third generation there 
was an affected man and his normal (carrier) sister. In the fourth 
generation there were eight affected families, and twenty in the fifth, 
still more in the sixth. In the fifth generation one woman was ''par- 
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tially abnormal’' and she produced an abnormal daughter. Toothless 
men have only normal children ; the sons have only normal descendants 
while the daughters have normal daughters (half of them carriers) 
and half the sons are toothless. A fifth-generation abnormal male 
also produced an abnormal daughter. The condition is inherited 
exactly like color-blindness and the two affected females are apparently 
due to variable dominance. This is no doubt the family referred to 
by Darwin {Animals and Plants, 2nd ed.). Hutt (1935) points out 
that W. Wedderburn’s observations of the family were probably 
between 1868 and 1875. He recorded ten men affected in four genera- 
tions. Thadani reports eight ^Tamilies” in the fourth generation, 
whereas there were only six females in the third generation who might 
transmit the condition. If we read '^eight affected males” in the fourth 
generation, these with the case in the third generation and the original 
mutation would make up Mr. Wedderburn’s ten. The latter’s obser- 
vations show that occasional molars and small incisors are present. 
Counting twenty years to a generation, the original mutation would 
have appeared about 1780. 

Roberts (1929) described a family in Illinois with the same condition, 
ten cases (males) in five generations. Three of the carrier females 
had patches of smooth skin without sweat glands on their body. The 
enlarged finger-prints of the males show the absence of openings of 
the sweat ducts. Rushton (1934) described an English family with 
6 cases (5 cf i 9 ) in two generations. They were all descended from 
three (carrier) sisters. Affected males were small and delicate, with 
no sweat and often no lachrymal glands; some teeth missing, others 
conical; fine, fair hair and chronic rhinitis leading to loss of smell. 
Schwartz (1935) described four brothers in a Texas family, who in 
summer spent the greater part of the day immersed in water. Three 
of them died of influenza. The mother and one of her sisters lacked 
the upper permanent canine teeth, and the sister had dry hair. Their 
nine sibs were normal. The condition was thus incompletely recessive 
in the females. The boys had sparse, dry hair, no eyebrows, prominent 
supraorbital ridges. The nails were normal, as well as the reflexes 
and mentality. A boy in a family of German descent, whose parents, 
brother and sister were normal, developed a high fever when ten days 
old. At five years he spent the summer mostly in a tub of water. 
The teeth all erupted but became carious, the hair sparse, extremely 
fine and dry. There was no saddle nose nor prominent supraorbital 
ridges, the lips were normal but the mucous membrane was reddened, 
the finger- and toe-nails concave with broken tips. 

A father and two children with a mild form of anidrotic ectodermal 
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defect were described by Brain (1937). Fleischmann (1935) made a 
general study of the condition. He found thirty single cases recorded 
and he also collected seventeen pedigrees. Three show lack of teeth 
and hair, and three premature alopecia transmitted by normal females. 
In four pedigrees of ozaena (foul nasal odor from chronic rhinitis) 
and four showing lack of teeth the inheritance differs in that normal 
females do not transmit. He concluded that anidrotic hypotrichosis 
is due to several genes, some sex-linked, others not. This hypothesis 
seems unnecessarily complicated. The results can be explained by 
one recessive gene in the X-chromosome, with variable expression and 
occasionally dominant in the XX female. Goeckermann (1920) re- 
ported a unique case of a female lacking sweat glands and sebaceous 
glands, with hypotrichosis and dental aplasia. 

It is well known that the mammary glands are modified sweat glands, 
so it is not surprising that absence of sweat glands is sometimes accom- 
panied by absence of nipples in the male. This may have occurred 
in some families without being recorded. Hutchinson (1886) reported 
the case of a boy of three and a half years with a peculiar withered 
and pinched look, fingers shrivelled, finger- and toe-nails concave, 
head large, anterior fontanellc not quite closed, scalp bald except for 
a quantity of down, skin very thin, atrophic, with no nipples, but very 
intelligent. The mother was bald from six years of age (alopecia 
areata). Her five daughters were normal. Tendlau (1902) reported 
a similar case in a man of forty-eight years in a sound family. He 
had no nipples, very little hair, no teeth in the lower jaw, two incisors 
and two molars in the upper jaw. The incisors fell out at twenty. 
His skull was of peculiar shape, he could not sweat and his nails were 

concave. All his relatives were normal. 
Glass and Yost (1939) record a family in 
the northwestern United States with a 
somewhat different expression of this re- 
markable syndrome (Fig. 129). Case 
I. 2 was eighty-three years of age, never 
to severe headaches, 
had no mammary glands, quite thick 
lips and stomach trouble. One daughter showed the same condition, 
and one grandson, except that it is not stated whether he lacked 
nipples. All three have brown hair. It seems likely that in this family 
the condition is an irregularly dominant sex-linked character, but the 
children of the normal women are not mentioned. 

Smith (1931) described two brothers (Fig. 128) with sparse, fair 
hair, thick everted lips, depressed nasal bridge, large projecting ears, 
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no sweating, upper incisors conical and no other teeth except two molars 
on each side in each jaw. Zeligs (1932) described a similar Jewish 
boy of ten months, who was feverish in hot weather. He lacked seba- 
ceous and sweat glands, but a skin section from the abdomen showed 
sweat glands. The hair follicles were normal but hair sparse. The 
nails were normal, but teeth were absent except two peg-shaped upper 
central incisors. Weech (1929) described two Jewish boys (brothers) 
in the same condition and considered the earlier literature. In addition 
to a dry, glossy skin, they had papular lesions on the face, a small sella 
turcica and defective mucous membrane of the nose, mouth and 
pharynx, as well as defective hair, teeth and sweat glands and heat 
intolerance. He also described a girl of seven years with two normal 
sibs. Her father’s family showed scarcity of hair and its early loss, 
he and two of his uncles also lacking certain teeth. The girl at birth 
had no hair on head or eyebrows, the nails were small and concave, 
the growth of hair exceedingly slow and sparse. Nine teeth erupted 
in the first twelve months, but none since. She had no lower incisors 
and the upper ones were pegs. She perspired freely, but had prominent 
thick lips, the bridge of the nose deeply concave. This accumulation 
or exaggeration of effects partly adumbrated in the father’s family 
is a not unusual situation and may have a bearing on the origin of 
some mutations. A case of similar character was described in Stock- 
holm (Ihre, 1932). A boy of six and a half had no teeth or dental 
primordia. The parents were normal and unrelated. The boy’s skin 
was dry and without perspiration, his hair sparse, fine, lanugo-like, 
light brown. Eyebrows were nearly lacking, eyelashes thin and irreg- 
ular. The thumbs were abnormally short. His mother’s family all 
had remarkably small thumbs, and a maternal aunt had four persist- 
ing milx teeth. Knorre (1936) has a pedigree of mother, daughter 
and grandson affected with ozaena, combined in varying degrees with 
hypotrichosis, anidrosis and anodontia. 

The recessive sex-linked form of anidrotic ectodermal dysplasia has 
been described in Anglo-Saxons, Swedes, Germans, French, Russians, 
Jews, Hindus and Singhalese, but does not appear to occur in Medi- 
terraneans, Negroes or Mongolians.® The dominant form, which is 
indistinguishable, has been observed in a number of Anglo-Saxon 
families, but may be incompletely developed, as in the girl above, 
who had sweat glands. Cockayne (1933) has listed a number of further 
pedigrees of both types. Levit (1936) believes that both types are 
the same, representing a conditional dominant with sex-linkage, as 

* Coello (1943), however, describes the case of a Chinese man in Cuba who had little hair, 
lacked sweat glands and several teeth and was mentally deficient. 
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there is no case of an affected male having an affected son. De Silva 
(1939) described a Singhalese family with two affected males, sex- 
linked. 

Clouston (1939) reports four male cases in Canada, two of them 
brothers, so the inheritance is presumably recessive sex-linked. The 
mucous glands of the nose and throat are shown to be few or absent, 
thus producing the rhinitis, and the condition is probably a cause of 
death in infancy. 

Sunderman (1941) studied three brothers in an Italian family with 
normal parents and seven normal sibs. This case was probably reces- 
sive sex-linked. At a high temperature they panted like dogs but did 
not perspire, and two of them could not shed tears. The noses were 
saddle-shape, the lips thick and negroid ; two had rhinitis and could not 
smell. Felsher (1944) records another sex-linked pedigree with five 
affected males, and shows that the condition is hypohydrotic rather 
than anhidrotic. In the case studied, the eccrine glands were 5 to 
7 per cent of normal on the extremities and practically absent from 
the abdomen and face. The apocrine glands were abundant in the 
axillae and on the chest. 

Racial differences in the distribution of sweat glands have been 
shown by Glaser (1934). He found that in the Bantu they are more 
numerous per square centimeter in most parts of the body than in 
Europeans. This is doubtless an adaptation to a hot climate. 

Beadle (1926) gives a pedigree in three generations showing absence 
of certain teeth. They were also irregular in time of eruption both of 
the deciduous and the permanent teeth, and in the number of teeth 
missing. The lacking teeth included both incisors and molars, but not 
canines. The condition was a simple dominant, five normal and five 
abnormal occurring in a family of ten. Those with tooth deficiency 
were dark-haired in fifteen cases and light-haired in three. The ratio 
of normals was ca, 14 light: i dark, indicating linkage with crossing- 
over between the genes for tooth anomaly and dark hair. Grosman 
(1927) cited from Guilford (1883) a case of an edentulous woman also 
without hair. Her son was in the same condition, and six of his children 
were normal, two having undeveloped teeth. His normal sister had 
eighteen children, one of whom was without teeth or hair. 

Jones (1933) described a Jewish family in Ontario with multiple cysts of 
the jaws. Two boys and a girl, aged six, five and four years, had cherubic 
cheeks and enlarged jaws, with many teeth missing, but with jaws enlarged 
by cyst formation and the submaxillary lymphatics enlarged. There was 
nothing similar in any of the relatives, and there were indications that the 
growth might be self-limiting. It probably has a recessive genetic basis. 
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Defects of the Teeth 

A search of the dental journals would no doubt disclose many cases 
of inherited tooth defects. It has only been possible to collect a few 
of these, but various other pedigrees of dental defect will be considered. 
McQuillan (1870) described a case in which father, son and grandson 
lacked an upper lateral incisor. A second son had very dwarfed incisors 
and part of his children were the same. In mother and daughter of 
another family the upper lateral incisors were within the dental arch, 
making the canines prominent. Lucas (1888) noted absence of an 
upper lateral incisor in father and daughter. From other cases of 
missing or peg-shaped incisors he concluded (1904) that this condition 
is closely related to harelip and cleft palate. Wheelon (1925) states 
that the upper lateral incisors are most commonly absent or peg-shaped , 
and these are regarded as the least useful in the dental arch. In three 
years he collected twenty cases, and his pedigrees indicate that the 
character is dominant. In II there were 9 cases (2c? 79) in four 
generations of a missing right (left in one girl) upper lateral incisor 
(no skip). In III, 9 cases (3 c? 6 9 ) in three generations of a missing 
right (left in one) upper lateral incisor. Kaplan suggested some con- 
nection between gonad deficiency and lack of the upper lateral incisors, 
but Wheelon cites a case of a female intersex with a perfect arch of 
teeth. 

Baisch (1931) cites a girl with absence of lateral incisors and delayed 
cutting of central incisors, together with polydactyly, syndactyly, almost 
complete anonychia of fingers and toes and hypoplasia of the distal inter- 
phalangeal joints. Her family in four generations showed three cases of 
syndactyly and one of bilateral clubfoot. 

Schultz (1932), in an important contribution, states that in man 
the medial incisors are larger than the lateral ones in the upper jaw, 
but smaller than the laterals in the lower jaw. The results of many 
writers show an evolutionary trend to reduce the human dentition 
in connection with a shortening of the jaws. The reduction affects 
both ends of the series, the third molars (wisdom teeth) and the incisors. 
It is the smaller incisors, i.e., the upper lateral and the lower medial, 
which are most likely to be reduced to pegs or missing. Rose, in series 
of cases totalling 15,000, found degeneration or absence of the upper 
lateral incisors in Scandinavia 6 per cent. Central Europe, 2 to 4 per 
cent, Greeks, 1.4 per cent, colored races ca. i per cent. Lack of these 
incisors is, as the pedigrees show, more frequent in females than males 
and much more frequent in the permanent than in the deciduous 
dentition. Hrdlicka obtained similar results, finding in one thousand 
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white Americans degeneration of the upper lateral incisors in 3 per 
cent, congenital absence of one or both lateral incisors in 1.4 per cent 
of males and 3.0 per cent of females. 

That the Primates show the same evolutionary tendency is indicated 
by the fact that Schultz found a case of extreme reduction in the upper 
lateral incisors of a gorilla, and a howler monkey with only three lower 
incisors. All of which goes to show that an evolutionary tendency of 
this kind is a slowly moving concern of the germplasm. 

In a human family, Schultz (1934) found in four generations seven 
cases of absence of the upper lateral incisors and three cases in which 
they are vestigial (in one case on one side only). The affected are 
female in all ten cases, the numerous males in the pedigree being 
normal, nor do they transmit the condition. This hologynic inheritance 
indicates end-to-end union of the two X-chromosomes. If the condi- 
tion was merely sex-limited, then males should transmit; but we have 
already observed from other pedigrees and statistics that the condition 
is uniformly more frequent in the female, so perhaps this may be only 
an extreme case of a dominant character which is more frequent in the 
female. 

Small or absent upper lateral incisors is perhaps the most common 
dental anomaly. A number of dominant European pedigrees have 
been published, and the condition was found in the skull of a Senegalese 
Negro. The homozygous condition of this gene is unknown. Sergi 
(1914) reported 8 cases (be? 2 9 ) in three generations of a Piedmontese 
family in which the upper lateral right incisor was missing and the 
left very small, and cites other families with the same dominant inher- 
itance. Thomas (1926) cites a family with eight cases of these incisors 
being small or missing, but the dominance is irregular. Cockayne 
found the sexes equally affected, 33 o’ : 39 9 .i( Ashley-Montagu (1940) 
regards the variability of the upper lateral incisors as reflecting a 
tendency which is as old as the common ancestors of the Hominidae 
and the Anthropoideae and is expressed in different degrees in different 
races. The Chinese show ca. 2 per cent, Japanese, 4 per cent of missing 
or reduced lateral incisors, pure Negroes, 1.5 per cent, mixed, 5 per 
cent. Such relatively unmixed races eis the Australian aborigines, 
Bantu and Melanesians very rarely show it. 

Keeler (1935) collected many pedigrees of topth defects from the 
dental literature. He concluded that dentists had overemphasized 
syphilis, diet and ertdocrines as causes of dental irregularities, although 
such conditions often produce anomalies similar to those which are 
hereditary. He cites several pedigrees of missing upper lateral incisors 
and describes a family in which five females in three generations lost 
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the upper right lateral incisor by decay at ten to thirteen years. In 
another family two brothers and a sister failed to shed a deciduous 
upper right molar. The teeth appear to be as individually under 
genic control as the bones. Keeler cites the three families of Moody 
and Montgomery in which there was fusion of the lower incisors in the 
temales only: I. Twelve cases in three generations. II. Five cases in 
two generations. III. Four cases in three generations. The sibships 
numbered 20 affected: 17 normal; hence the condition may be an 
autosomal dominant although no males were affected. There was 
no skip. The inheritance appears to be hologynic. 

Keeler and Short (1934) described a family (Fig. 130) in which absent 
or peg-shaped upper lateral incisors were inherited as an irregular 
dominant in one family. A frenum or space between the central upper 
incisors {gat-toothed) and lack of upper lateral incisors was inherited 
in another family. Intermarriage produced a child (III. 5) who lacked 
the upper lateral incisors and a lower bicuspid on each side, having 
also a peg-shaped lower left central incisor as well as the gat. She was 
probably homozygous for the gene causing absence of upper lateral 
incisors. Yamagouchi (in Keeler, 1935) found a trema or gat between 
both upper and lower median incisors in a father and two sons 
(dominant). 

Adams (1932) has a pedigree of a family with no incisors. There 
were thirteen cases in three generations, with three skips which may 
be ascribed to low penetrance of the genes or the presence of a common 



□ = Frenum 

Lacking lateral incisors 

Pig‘ 130. Pedigree of missing upper lateral incisors and a median 
frenum*>^ (After Keeler and Short) 

inhibiting facto'r. In one case there was also an impacted right upper 
canine. In a pair of female twins, probably identical, the upper incisors 
were missing in one and the lower in the other. Michelson’s (1885) 
family (Fig. 121, p. 339) had missing upper incisors with hypertrichosis 
on the chest, shoulders and back, and in some cases on hands, nose 
and ears. Evidently these genes were not linked. 
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Campbell (1934) reported teeth lacking in 35 out of 2000 patients. Com- 
bining his records with those from the literature, he found both upper lateral 
incisors missing in 97 out of 3550 cases, or 2. 7 per cent. This probably gives 
a reasonable estimate of the gene frequency. 

Griineberg (1936) described two German Jewish families, in one of 
which there was (i) lack of permanent upper canines, as shown by 
X rays, and (2) lack of wisdom teeth. The milk canines were often 
persistent. Lack of canines was dominant, with seven cases in three 
generations. Lack of wisdom teeth in the mother and four of her five 
children also suggests dominance. Three of these children also lack 
the upper canines. 

As regards the loss of third molars, the Eskimos appear to be less 
advanced than Europeans. These teeth are lacking, generally on both 
sides, in 16.6 per cent of adult Eskimos, and more frequently in females 
than males. Retardation, reductitm and suppression are stages in the 
loss of the third molar. Schultz (1926) cites ninety-seven Negro skulls 
with third molars in every one of them, so the Negro is least advanced 
in this respect. By comparison, in 250 Dutch skulls the third molars 
were absent on one or both sides of the upper jaw in 19.5 per cent, 
from the lower jaw in 22.6 per cent, one or more being absent from 
70 per cent of the skulls. In Chinese at eleven years the teeth always 
number twenty-eight, in Europeans, twenty-four, the third molar 
appearing at fifteen to sixteen years. The deciduous molar was perma- 
nent in thirty lower jaws in the Amsterdam Museum. Yamazaki 
(1930) has many observations on the asymmetrical development of 
the mandible and the wisdom teeth. Schultz (1934) found that in a 
monkey, Ateles geoffroyi, the third molars were congenitally absent in 
15.4 per cent of the specimens from East Nicaragua but in only 3.5 per 
cent of those from Chiriqui, Panama. 

That the suppression of the upper lateral and the lower medial 
incisors is not' merely a straightforward steam-roller tendency, is shown 
by the pedigree of Huskins (1930). The absence of medial incisors 
from both jaws in both dentitions was a sex-linked partial dominant 
in an English family with 7 cases (5 cT 2 9 ) in three generations. In 
one woman the single gene was completely dominant, and in another 
partially so, since she painfully cut the missing incisors at thirteen 
years of age. The other six females in the pedigree, two of whom are 
known to be heterozygous for the gene, nevertheless all had normal 
teeth. This variability in the penetrance and expressivity of a sex- 
linked gene in the female sex also occurs in the case of color-blindness, 
hemophilia and various other conditions. 
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In an isolated Swiss village with much inbreeding for centuries, Johr 
(1934) made an extensive study of the dental conditions, especially as 
regards the absence of upper lateral incisors and the presence of caries. The 
population is strongly brachycephalic and has fair features, — a widespread 
type in Switzerland according to Schlaginhaufen, who either represent a 
separate race or are a mixture of Nordic and Dinaric characters. In 162 
persons measurements were made of the jaws, and records bearing on the 
constitution. About one-third of these showed reduction or absence of the 
upper lateral incisors, and an extensive pedigree confirms the dominant 
inheritance of this condition, sixty cases of the more extreme conditions 
being recorded among the descendants of a single couple who lived at the 
beginning of the eighteenth century. He regards this not as a phylogenet- 
ically progressive character, but simply as a minus mutation accompanying 
small jaws, in contrast to other inbred populations both Swiss and Mela- 
nesian. In a neighbouring valley the anomaly is only found in 2.4 per cent 
of the people. He confirms the results of other Swiss workers that hereditary 
(family) factors play an important part in dental caries. 

Slightly more extensive is the defect in the family of Pitts (1923). 
Three sons of normal parents showed absence of deciduous and per- 
manent central incisors and also of the permanent lateral incisors, 
the deciduous lateral incisors being peg-shaped. In another family 
Pitts reported mother and two daughters with absence of upper lateral 
incisors, unilateral in the mother, bilateral in the daughter, one of 
whom also lacked a lower incisor. Miller (1941) records a Japanese 
family in which the grandmother, mother and two children had three 
instead of four lower incisors. Komai (1934) published Japanese pedi- 
grees of missing upper lateral incisors and absence of premolars. He 
also reports families with abnormally large upper incisors and others 
with conical or absent incisors (see Keeler, 1935). One Japanese 
family had giant upper median incisors, a not uncommon condition 
in Japan. There were 7 cases (2 cf’ 5 9 ) in three generations (dominant). 
In another Japanese family abnormally large median incisors were 
present in 6 cases (2cr 49) in three generations (dominant). In 
another dominant pedigree in Japan, four males in three generations 
had many missing teeth. One lacked fifteen teeth, another nineteen, 
Brekhus, Oliver and Montelius (1944) found 202 persons with dental 
anomalies, mostly missing teeth, among 11,487 in a dental clinic. 
Second incisors, second premolars and third molars were most fre- 
quently lacking, and several pedigrees are given. 

Johnson (1940) points out that both environment and genetic constitution 
have to be taken into account in the study of malocclusion. Following 
Stockard, he shows that growth deviations in the human face correspond 
closely with those in modern breeds of dogs, such as the bulldog, blood- 
hound, Pekinese and Boston terrier. 
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In two Italian families, the absence of all incisors was inherited as 
a constant dominant condition (Ovazza, 1922). Gardner (1927) records 
a family with 14 cases (2 c?' 10 9 ) of many missing teeth in six genera- 
tions, dominant. A girl and her father, who were examined in detail, 
were lacking all incisors, canines, first and second bicuspids and third 
molars, i.e., twelve teeth above and nine below. X ray showed that 
buds of these teeth were also absent. McCracken (1931) recorded 
the case of a boy who cut his first teeth at two years — two long, fang- 
like lateral incisors. At three years an upper molar erupted. X rays 
showed only six unerupted teeth. As the two preceding generations 
and the two elder brothers were all normal, this was probably a 
mutation. 

In an experimentally treated (X-rayed?) line of white rats (Jones, 1924) 
an inherited tooth anomaly appeared in which the incisors grew into tusks 
which curved back into the mouth or over the lips. Creep (1941) records 
absence of incisors in the white rat. When bred the condition was found to 
be recessive. The gene was closely linked to curly in chromosome II. Long 
incisors are characteristic of the Rodentia. It is probable that the later 
Proboscidians lost their lower tusks by a mutation. 

Villain and Villas record a family with normal parents, three of the 
five children lacking the upper lateral incisors, all upper premolars 
and the lower central incisors, as well as all the second and third upper 
and lower molars. Other cases of hereditary partial anodontia have 
been recorded by Chipps (1932). Campbell (1929) recorded a Jewish 
family with nine cases and seven suspected cases of missing teeth. 
These were mainly the upper lateral incisors, but the median lower 
incisors and the anterior molars may also be lacking. 

In deer, the canine teeth are normally absent, but in certain vspecies with 
rudimentary antlers, such as the elk, they are well developed. 

In German Shepherd dogs the teeth and jaws are large, in Pomeranians 
they are small .(see Johnson, 1940, Stockard, 1941). In the F2 from this crowss 
some animals have large teeth in small jaws. They describe numerous cases 
of malocclusion in various dog hybrids. There can be no reasonable doubt 
that similar (though usually less extreme) conditions in man have the same 
explanation, genetic hybridity. 

That the teeth can be used for identification purposes is shown by 
Kadner (1933). Two babies were exchanged in hospital in 1919. One 
mdtJier recognized that the exchange had taken place. In 1931, blood 
grdup tests gave no help. But casts of the teeth and jaws of both 
families showed which were father and son. It is almost impossible 
to compare the teeth of three generations simultaneously, but 
Korkhaus (1930) found that in six pairs of identical twins casts of 
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the dentition showed many detailed correspondences. The form, 
size and color of the teeth, the Carabelli tubercle,^ tooth hypoplasia, 
etc., agreed. The diastema is said to be dominant. It was found four 
times in absolute conformity in identical twins but only occasionally 
in other twins. Casts of a six-year-old pair were identical in the central 
upper diastema and the teeth as well as in the width and height of the 
palate. Weninger (1933) gives pedigrees of twenty-six families with 
a median diastema or trema, showing it to be a rather strict dominant. 

Bachrach and Young (1927) made a statistical comparison of dental 
resemblances in identical and fraternal twins. MZ twins showed greater 
similarity as regards tooth eruption, amount of dental caries and type of 
dental occlusion. Ashley-Montagu (1933) cites several other cases of close 
similarity in the dentition of twins and describes a remarkable instance in a 
pair of identical male twins. When the father chastised one, the other cried 
in sympathy. Both showed strong cyclothymic tendencies in a six-months 
cycle, but D. was in the calm stage when G. was in the excited stage, and 
vice versa. Radiograms of the teeth at six years of age showed “almost 
uncanny likeness.” The form and dimensions of the dental arch were ex- 
traordinarily alike, as shown by X rays, casts and measurements, as alike “as 
it is possible for any two things to be.” “They were indistinguishable in 
form of the teeth, crown patterns, grooves, ridges, orientation, state of 
eruption and calcification.” There was also in each a pathological resorption 
of the upper right second deciduous molar with an invasion of the resorbed 
area by the first permanent molar. The dentition, in short, was entirely 
genotypically determined.^® 

Teeth with deficient or absent roots have been recorded (see tauro- 
dont teeth). They have thick dentine and no pulp and are soon lost. 
In a German family, grandfather, daughter and six of seven grand- 
children were affected. Another case with dominant inheritance is 
in Eugenical News 13:104. The inheritance of the fifth tubercle in 
the last two human molars requires investigation, as does also the 
occurrence, size and structure of third molars. That Bolk’s paramolar 
tubercle or cusp is genetically determined is clear from Dahlberg (1945), 
who records the cusp bilaterally present on the lower first permanent 
molars in a white woman and in two Melanesian mandibles. In one 
of the latter all six molars had the extra cusp on the buccal surface. 

® This is a diminutive cusp on the lingual surface of the mesial lingual cusp of the maxil- 
lary first molar. Dietz (1944) found the Carabelli cusp, in one of its forms, in 72.3 per cent 
of 1000 cases studied. Gregory (1920, p. 152) states that this structure (also known as 
tuberculum anomalum) is derived from the cingulum and is found on the first and second 
molars. It occurs in Neanderthal man and is very rare or absent in anthropoids, but one 
case was found in a gibbon. It is frequent (p. 174) in many modern races and Gregory re- 
gards it as a primitive human character, of high frequency in the second milk molar. 

It is rather extraordinary that some writers who recognize this extreme detail in physical 
heredity nevertheless affect to deny any inherited psychological differences at all between 
human racial types. 
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K/Vefective or absent tooth enamel is another rare condition which may 
affect both sets, but without effect on nails, hair or skin. These teeth 
are often brown, but they do not ache. Sinha (1918) described a Hindu 
family in Bengal with brown teeth, 8 cases (4 c? 4 9 ) in three genera- 
tions, dominant. Bampton (1914) described two families with dark 
brown teeth, dominant sex-linked in one, with 14 cases (2 cf 12 9 ) in 
five generations. They enjoyed good health and lived to old age. In 
Moore’s family (1924) the condition was strictly dominant, with 
16 cases (13c?' 2 9) in five generations. Pfliiger’s (1929) family had 
twelve cases with defective enamel in four generations. The crowns 
of the teeth were worn down in early youth. Cockayne (1933) cites 
nine families totalling 86 affected : 51 normal in sibships. The sex- 
ratio of affected was 47 cf : 48 9 , but the excess of affected is unac- 
counted for. Clark and Clark (1933) described two families, which are 
believed to be related since they use the same name for the enamel 
defect. An ancestor bearing this defect is believed to have been a 
passenger in the Mayflower. In a man of twenty the teeth are worn 
down to the gums. The condition is strictly dominant, with a total 
of 39 cases (190’ 20 9) in six generations, the sibships numbering 
37 affected : 24 normal. In Macklin’s (1938) family, with seven cases 
in three generations, both sets of teeth showed the same defect; they 
were translucent, very soft, worn down and carious. The enamel 
cells (ameloblasts) appear to be absent. Haldane (1937) pointed out 
that in one of Bampton’s families the defective enamel was inherited 
as a dominant sex-linked character. An affected father transmitted 
the condition to his eight daughters but to none of his four sons. A 
less likely alternative is that of incomplete sex-linkage, with crossing- 
over between homologous parts of the X and Y. Keeler (1935) cited 
four families with teeth lacking white enamel. There was a total of 
77 cases (39 cf 38 9 ) in four to six generations. In these families, lack 
of enamel is clearly a simple dominant. 

Hodge and Finn (1938) give family histories of opalescent dentine 
with extreme translucency, discoloration and friability of the teeth. 
Guilford in 1887 recorded the ceise of a man of twenty-six with the 
crowns of his teeth worn down to the gums, the condition present in 
three generations. Hodge and Finn record three new families in which 
opalescent dentine is inherited apparently as a simple dominant; 

(1) a family of Italian descent with eleven cases in four generations, 

(2) a German-Irish family with seven cases in four generations, (3) an 
American family with eight cases in four generations. The dentine 
is soft and easily worn, yellow or deep brown in color. The tubules 
show great variation in direction and may be absent, the pulp chambers 
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being more or less obliterated. The chemical composition of the dentine 
is more like that of compact bone, the tubules resembling the osteo- 
dentine of sharks’ teeth. The X-ray diffraction pattern shows that the 
inorganic portion of the dentine is hydroxylapatite, as in normal 
enamel and bone. The dominant gene for defective enamel, which is 
by no means rare, appears then to be generally autosomal, but in the 
X-chromosome in one family. See Hodge et al. (1940) for histological 
and chemical studies. 

Finn (1938) analyzed the recorded cases of opalescent dentine. He found 
220 matings, which produced 383 opalescent (200cf : 183$) : 357 normal, 
showing the presence of a single dominant gene. Roberts and Schour (1939) 
described a family in Illinois with opalescent dentine, 23 cases (ii o' 12 9 ) 
in six generations, strictly dominant, the sibships numbering 22 affected : 
25 normal. In another family there were six cases in four generations. 

In six families enamel defect is associated with lamellar cataract 
and fits. The inheritance is dominant, but it is not clear whether this 
is a syndrome or a case of linked genes. The same applies to Nettle- 
ship’s family with juvenile cataract and defective enamel. 

Korkhaus (1931) made a study of tooth-color in twins, using the 
dentist’s tooth-color ring, which contains thirty slightly different tooth 
shades for matching purposes. His results show that tooth shade is 
almost entirely genotypic in determination. In 51 MZ pairs only 
3 showed slight difference. It has no relation to the general pigmenta- 
tion of the body, and there is no correlation between tooth color and 
eye color. 

y Cases of microdontia, in which all the teeth are very small, have 
often been recorded. The pedigrees are very inadequate, but the 
condition may be recessive. Babies born with erupted teeth were known 
to the Greeks and Romans. A baby may be born with one to four 
erupted incisors, which soon fall out. There is generally no associated 
defect, but in Murray’s family (Cockayne) there were hypertrophied 
nails in seven members and erupted teeth in six of them. This is 
probably a case of linke^e, or perhaps pleiotropism. Erupted teeth 
have been recorded in (i) mother and daughter, (2) brother and sister 
and the latter’s son, (3) three sisters, (4) two sibs, (5) mother and two 
children, (6) a girl and her aunt. The condition is probably an irregular 
dominant, but the irregularity might be due to the presence of an inhibi- 
tor or to two genes being required. 

Supernumerary teeth are often recorded in relatives, e.g., a super- 
numerary palatal to the incisors in (i) mother, daughter and son, 
(2) two sisters. 
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Rutherford (1931) recorded a family with hypertrophy of the gums 
dental defect and congenital corneal opacity (Fig. 131). Case II. 2 
had only two lower central incisors, which were peg-shaped. She had 

hypertrophy of the gums so that 
the mouth could not close. This 
was removed at nineteen and her 
teeth only erupted at fifteen to 
nineteen. The condition is prob- 
ably dominant. Case IV. i had six 
teeth when eight months old. Hy- 
pertrophy of the gums alone has 
Fig. 131. Pedigree of hypertrophy of only been reported in single cases 

the gums dental defect and corneal and is probably recessive. GobUrsch 
opacity. (After Rutherford) 

(1930) found m a study of 2112 
patients that third molars (wisdom teeth) were less frequent in men 
than women. One or more were missing in 20.9 per cent of individuals, 
and all four were undeveloped in 2.33 per cent. 

Early dental decay was reported in a striking pedigree of Sedgwick 
(1863) with eleven cetses (all female) In three generations (Fig. 132). 
This type of hologynic Inheritance would be explained if the two 
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Fig. 132. Hologynic inheritance of early decay of teeth. (After Sedgwick) 


X-chromosomes in the females were attached. Many causes of dental 
caries have been suggested and it appears clearly to be related to diet. 
Many primitive or isolated peoples, such as the Eskimos and the 
inhabitants of Tristan da Cunha, have perfect cirches of teeth, but 
natives in many parts of the world have been shown to develop defec- 
tive teeth after adopting the foods of civilized man. Probably in both 
the cases mentioned heredity plays a part, i.e., the families have teeth 
that are resistant to caries. On the other hand, there is evidence that 
prehistoric man sometimes suffered from toothache, and Schultz found 
dental caries to be common in wild monkeys. Lack of vitamins may 
be a contributing cause in modern food. Bunting (1933) concludes 
that dental caries is a bacterial disease of the oral cavity, related to 
certain constitutional states and inherited characters as well as to 
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age and bodily health. He states that 5 to lo per cent of people are 
immune to Bacillus acidophilus and so protected from caries. This 
immunity is probably inherited. Price (1923), in an extensive study 
of dental infections, cleissifies persons as non-susceptible, acquired 
susceptibles aiSi inherited susceptibles, the inheritance being 23 per 
cent through the maternal and 21 per cent through the paternal side. 

Planner (1930) examined one hundred families of school children 
near Zurich, with their parents and grandparents. Four bad teeth 
were accounted a carious condition. The inheritance factor is evidently 
not simple. The author suggests one dominant factor (E) for mechan- 
ical resistance to bacterial attack and another (I) causing immunity. 
In the cross Eeli X Eeli the parents would have sound teeth while 
the children eeli, EEii, Eeii, eeli would have carious teeth. 

Walker (1936) made a study of dental caries in 679 mountain peasants in 
three isolated ^Ipine valleys with about 1000 inhabitants. Although much 
inbred, degenerative conditions were not found, apart from caries, which 
was present in 91.3 per cent of the people. This is attributed to the adoption 
of white bread nearly a century ago. Thirty-three pedigrees of three or four 
generations confirm studies by Vogt, Hanhart and others that resistance to 
caries is based on a true hereditary factor. 

Statistics show a definite geographical distribution of caries in the United 
States. In the Civil War, the rejection rate for dental defects was 20.5 per 
1000, the men of New England having the poorest teeth. In the war of 
1914-18 the mean rate was 24.2 and the conditions in different states were 
strikingly parallel to those of the i86o’s, Arkansas being lowest with 2.9 per 
1000 and Vermont highest with 102.85 (East, 1942). In all races there is a 
higher incidence of caries in females than males. Hunt, Hoppert and Erwin 
(1944) selected from a stock of rats one strain highly susceptible to caries 
(on a certain diet), the other highly resistant. 

Cases are recorded in which malocclusion and irregular teeth result 
from crossing between races with large and small jaws and probably 
they can also arise from unsuitable food and malnutrition. 

The dentition of the Dionne quintuplets has been carefully followed. 
They are monozygotic and show malocclusion. Ford and Mason (1943) 
give an account of their dentition from two to seven. The mandibular 
arch in all five children is narrower than the maxillary arch, leading 
to malocclusions which are traced back to infancy. 

Sir Arthur Keith distinguished between taurodont molars in which 
the body of the tooth is long and the roots short, and cynodont teeth 
in which the roots are long and the body reduced. The former are 
found in cud-chewing animals such as the ox, the latter are typical 
of carnivora. Taurodontism is expressed in various degrees in primitive 
human races. Shaw (1928) found it in teeth of the Strandlooper and 
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Boskop peoples in South Africa, while the modern Bantu and Bushmen 
have cynodont teeth. Taurodont teeth are found in Heidelberg man 
and are frequent in Neanderthal man. They are also known to occur 
occasionally in modern Europeans, Amerindians and Eskimos, and 
are frequent in the South African races. Shaw regards their appearance 
here as a result of crossing with Australoid and Boskopoid peoples, 
taurodontism being perhaps recessive in the hybrids, about 30 per cent 
of whom show the condition in varying degrees. See also Galloway 
(1937)- Taurodontism is best defined (Keith) as a tendency of the pulp 
cavity to enlarge at the expense of the roots. Weidenreich finds tauro- 
dontism characteristic of all fossil hominids, as well as the chimpanzee 
and especially the female orang utan. 

From a study of the teeth and jaws of native races, both recent and 
prehistoric, Abel (1933) concludes that anomalies result from dis- 
harmonies between teeth and jaws in racial crosses. He cites various 
cases in crosses between Bushmen, Hottentots and Negroes, where 
disharmonies arise from new combinations of the genetic factors 
involved among people living in “natural” rather than “civilized” 
conditions of food, etc. 

Shovel-shaped incisors (koilomorphy) is another primitive tooth 
character which has survived with different frequencies in modern 
races. From extensive observations, Hrdlicka (1920) found them 
mainly in the upper but also in lower incisors. They are frequently 
found in American Indians and generally {ca. 95 per cent) in Mongolian 
races, fewer in Eskimos. In Melanesians they may be fully formed or 
absent. One-third to one-half of Hawaiians have shovel-shaped 
incisors. In whites they are rare (not over i per cent) and perhaps 
four times as frequent in Negroes. No careful study of their inheritance 
has been made. They were present in Paleolithic man and are found 
in Primates and other mammals. 

In a recent study of the Pa Miao, a native people in Kweichow prov- 
ince, S. W. China, Woo (1942) finds about 73% with shovel-shaped 
upper medial incisors, whereas in Chinese the frequency is ca. 90%. 
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Chapter XI 


ANATOMICAL ABNORMALITIES OF THE HANDS, FEET 

AND LIMBS 


A lmost every conceivable and many unbelievable abnormalities 
of an anatomical nature are known to be inherited. Some of 
these are deficiencies of the skeletal development as a whole or of 
certain parts of it. Others refer to particular organs which may be 
absent or malformed. The classification of these abnormalities is a 
matter of some difficulty, as many of them refer to more than one 
organ system ; some pertain to a single minor or even minute point of 
structure and others to a whole organ system. 

Probably more abnormalities are known of the hands than of any 
other part of the body except the eye. There are also certain inherited 
differences in shape and structure of the hands and feet which are in 
no sense abnormalities. Not infrequently the little toe has only two 
phalanges, like the thumb and big toe. Pfitzner (1890) found that 
in 38 of 41 cadavers exarriined the little toes were bilaterally sym- 
metrical, having three joints in 24 but only two in 14. Of iii feet 
examined, 36 per cent showed the defect, 31 per cent of cases in males 
and 41.5 per cent in females. This condition was formerly ascribed 
to wearing tight shoes, but Elliot Smith has since found the same condi- 
tion in Egyptian mummies where shoes were not worn. 

Bagg (1929) discussed at length the origin and inheritance of fool 
abnormalities such as clubfoot, syndactyly, hypodactyly and ampu- 
tation in the descendants of X-rayed mice. 

JSplit hand and foot or “lobster claw” is a well-known and relatively 
rare abnormality often recorded in the white, black andjtil ow races. 
It may occur in the hands or feet or both. 

Tubby (1894) records an early family in which the condition of 
lobster claw in the feet and partial suppression of the fingergi, was 
strictly dominant, 15 cases (10 cf 5 9 ) in four generations. Frequently 
there was one finger or toe instead of two, and one woman had only 
the feet affected. It has also been described in a father and two children 
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in Annam. Stiles and Pickard (1943) describe another family in which 
the feet were more affected than the hands. There were 15 cases 
(licr4 9) in four generations, strictly dominant. As the parents 
and grandparents of the original case were normal, he was evidently 
a mutation. 

Roth (1911-12) quotes from Hartsinck, who wrote in 1770, the 
following reference to Negroes with “crab-claw” in Guiana. 

“Regarding the ‘Touvingas,’ or two-fingered negroes, it is observed that 
they are a people who had only two large fingers on their hands and two 
large toes on their feet, similar to those of a crab, as is figured in the illus- 
tration. The wrist is somewhat larger than that of the average man: the 
thumb and little finger are more than twice the usual size, and stand out 
from the limb, have a bend at the tip, and appear as one piece of flesh on 
which there is something like a nail. The palm of the hand has no bends, but 
appears as a solid mass, yet the divisions can be felt. . . . After the declara- 
tion of freedom, these negroes of Saramacca walked publicly through 
Paramaribo. . . . Many argue that they are not a distinct tribe or nation, 
but just a family who by accident or freak of nature have been thus de- 
formed. These people are becoming very rare indeed, probably through 
intercourse with others, fast bastardising.” 

This represents an independent origin of the condition in Negro 
slaves. Their numbers are unfortunately not stated, but must have 
been considerable if they were regarded as an independent “tribe” 
or “nation.” As the condition is dominant it would not disappear 
through crossing with normals. 

Lewis and Embleton (1908) considered a collection of 180 cases 
of this deformity. Many varieties of the condition occur. In the 
“G” family, to which many of their data refer, the hands are variously 
misshapen, and each foot consists of two toes separated by a deep cleft. 
Rarely the toe on one side may be double, and the toes are generally 
bent claw-wise at their extremities. Both the hands and feet of these 
people are said to have great functional capacity and accuracy in use, 
including needlework and handwriting. Rarely one or both hands 
may be normal when the feet are split. The condition may also be 
associated with syndactyly (fused fingers) or polydactyly (extra 
fingers or toes). Cross bones frequently occur in the hands, but never 
in the feet. The inheritance is essentially that of a Mendelian domi- 
nant, though the expected ratios are not always adhered to. 

In the “G” family there were forty-four deformed members in five 
generations. It never skips a generation, and derived normals X 
normals give only normal offspring. It is transmitted equally through 
either sex, sibships numbering 44 affected : 32 normal. Lewis and 
Embleton agree that it has arisen as a “sport” or mutation of germinal 
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origin. They state “there are records of over thirty instances of the 
origin of this same sport,” and account for this by the now generally 
accepted view that mutations tend to occur and recur. Since the 
character is dominant it cannot remain hidden in the germplasm, 
but must appear externally if the germ cell containing it develops into 
an individual. 

All writers agree that this character segregates sharply, but Lewis and 
Embleton claimed that it “does not follow the laws of Mendel,” because 
of the excess of abnormals in the offspring of crosses with normals. There is 
always a tendency, however, for the normals not to be fully ascertained. 
Lewis and Embleton believe there is a “decided tendency for the deformity 
to die out” in later generations. They appear to think that this results 
from the germinal condition representing split-foot becoming unstable. 
Probably the struggle for existence and sexual selection are sufficient to 
account for this. 

Three cases in which the left hand only is split are described by 
Hanhart (1945) in a family. Father and son were affected, and a dis- 
tant cousin with a common pair of ancestors five generations back. 
This appears to be a dominant of very low penetrance, affecting espe- 
cially digit HI ; with possibly an inhibiting gene in the family, as some 
other members show a slight expression in the fingers. 

A family with 5 cases of monodactyly (i cT 4 9 ) in three generations 
is cited in Lancet i. 743 (1908). The little finger was present, but four 
fingers and their metacarpal bones were wanting. The feet were similar 
but some showed lobster claw, to which the condition is closely related, 
inheritance dominant. 

Pearson (1908) referred to the existence in Scotland of a family, “the 
Cleppie Bells,” with a deformed hand inheritance extending over two cen- 
turies. He traced the deformity in another family for four generations, and 
found again an excess of abnormals in the offspring of crosses with normals 
(25 : 14). The stock of this family is otherwise normal, and they have no 
difficulty in finding normal mates. The gait is ungainly, but the children at 
school hold their own in writing, drawing and needlework. Additional data 
for this family are given by McMullen and Pearson (1913), the numbers of 
abnormals recorded having increased from twenty-five to thirty-three. In 
the third generation the result is in conformity with the Mendelian expec- 
tation of equality of normals and abnormals. In the fourth and fifth genera- 
tions there is a total of 28 affected : 13 normal. 

This condition is evidently due to a single dominant factor which 
arises from time to time eis a mutation. Lewis (1909a) records certain 
other split-foot pedigrees. These include (i) a family of ten, in which 
half are abnormal and half normal; (2) a family of six, all abnormal. 
In the latter the father may perhaps have been homozygous. 
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Yap and Pineda (1922) record two cases of eclrodactyly (absence 
of digits) and syndactyly in unrelated Filipino women. Both hands 
and feet were affected and neither woman had any affected relative. 
Klein (1932) described two brothers who agreed in having a normal 
thumb and little finger on each hand, with a single digit between, 
only the distal segment of which appeared normal, and slight webbing 
between toes II and III. The parents were uncle and niece and there 
were no deformities in the previous three generations, a sister also 
being normal, so the gene was evidently recessive in this family. 

In lobster claw, certain bones are misplaced, as in clubfoot, but other 
bones or digits may be missing altogether. The same is true of certain 
muscles, showing that individual bones and muscles may behave as units 
in embryological development. 

Modern experimental embryology has shown that excised embryonic 
bones cultivated in vitro take their peculiar shapes mainly owing to 
intrinsic factors. Fell and Robison (1929) isolated the femora of a 
six-day chick embryo in a watch-glass with culture solution and found 
that they increased to more than three times the original length and 
underwent a remarkably normal histological differentiation. Small- 
celled epiphyses, periosteal bone and membrane were formed and the 
characteristic terminal processes, condyles, head and trochanter were 
all developed. The isolated embryonic bone synthesized a phosphatase 
which was not present in the explant. This enzyme was formed by 
cartilage and disappeared when the cartilage was transformed into 
bone. Murray (1926) seems to have been the first to show on an 
extensive scale the self-differentiation of limb bones of the chick. 
Fell (1934) excised the region of the embryo knee-joint and showed 
that from a block of mesoderm the two opposing articular surfaces 
develop through intrinsic factors in vitro; but in explants the joint 
eventually disappears by secondary fusion. 

The brain of a living young rat proves to be a favorable medium, 
in which embryonic bones and other structures will grow and differ- 
entiate, the host rat being rarely affected. Willis (1935) found that 
cartilage, bone, bone-marrow, epidermis, epithelia, teeth, salivary 
gland tissue and skeletal muscle would grow and differentiate in these 
conditions at almost the normal rate. Later (Willis, 1936) the undif- 
ferentiated cartilaginous primordia of the long bones from rat embryos, 
implanted in the brain of a rat, were found to grow at normal rates 
into fully formed long bones. Glasstone (1938) showed similarly that 
the teeth are self-differentiating. Molars of rats and rabbit embryos 
explanted to tissue culture before the cusps appeared were found to 
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develop cusps which were almost normal in shape, number and arrange- 
ment, with the formation of odontoblasts, dentine and enamel. Fell 
(1940) has recently summarized this subject, referring to much other 
significant work in this field. 

Popenoe (1937) points out that the marginal rather than the central 
digits may be suppressed and the latter fused into one. The defect 
in one member may be slight, such as lack of nails. He cites the case 
of a boy with normal parents, whose right hand has a thumb and finger 
with metacarpals and phalanges while the other three digits and their 
metacarpals are suppressed. X rays showed that there was no ossifi- 
cation centre for the carpus and no epiphyses were visible on the radius 
or ulna. The left hand showed a single central digit with three pha- 
langes and a metacarpal, the wrist being in the same condition as in 
the right hand. This was probably a mutation, as it is unknown in the 
ancestors. It might possibly, however, be a recessive outcrop. While 
usually dominant, Fetscher (1922a) found two cases in the second and 
third generations of a family with a common pair of ancestors. This 
gene was either recessive or possibly a dominant of extremely low pene- 
trance. Liebenam (1938b) reports a family with dominant split-hand 
and split-foot, 14 cases (ii o’ 3 9) in five generations. In one affected 
individual one hand and in another both hands were normal. 

Pearson (1931) recorded the presence of “lobster claw” in chimpanzees 
and in rhesus monkeys. The conditions are exactly the same as in man and 
may also be combined with syndactyly. No doubt these parallel mutations 
are inherited, as in man. 

Clubfoot, on the other hand, is generally recessive, or possibly in 
some families a dominant of very low penetrance. Purely dominant 
pedigrees also occur, but they appear to be less frequent. Fetscher’s 
(1922b) thirty-two pedigrees contain only six cases of direct trans- 
mission from parent to child, and in some at least of these the other 
parent may be heterozygous. It is curious that these two related 
anomalies should be so different in their inheritance. The frequency 
of clubfoot is estimated at i in 1000-1600. From a study of 186 cases 
in 25 families, Fetscher finds, in conformity with earlier ratios, that 
the sex-ratio of affected individuals is b/cf : 33 9 or 2 : i. He finds 
that in clubfoot (pes varus congenitus) X normal, li per cent of 
children have clubfoot, whereas with a single factor and no other 
disturbances the expectation would be 50 per cent. Similarly in 
normal X normal from clubfooted parents, 5.3 per cent of children 
(not 25 per cent) were affected. This may be regarded as low pene- 
trance. Fetscher concluded that half to three-quarters of the cases of 
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clubfoot are heritable, due to a nervous derangement, and that the 
other cases have no single cause, but may result from bone defects, 
uterine anomalies or from multiple births. He developed an improbable 
theory based on non-disjunction of chromosomes, to account for the 
inheritance. In the various pedigrees are numerous associated defects, 
including microcephaly, dwarfism. Mongolism, deaf-mutes, cleft- 
palate, idiocy, epilepsy, hysteria and suicide. 

Muller (1926), in an important study with an extensive bibliography, 
points out that it was recognized a century ago that clubfoot resulted 
from spastic muscular contraction, the bones being drawn out of their 
proper positions. Since then two explanations of its pathogenesis 
have been discussed: (i) a germinal defect; (2) external pressure on 
the normal foot. Most recently clubfoot has been viewed as a neuro- 
genic or myogenic deformity, caused by malformation of the caudal 
end of the spinal cord, or dystrophy of the leg muscles, of purely periph- 
eral origin. It is clear that a series of conditions of very different 
etiology and anatomical structure are included under the term clubfoot. 
Muller examined 358 cases. Delay in ossification of the tarsal bones 
is a factor in congenital cases which relapse after treatment. 

The condition is classified as of three types: (i) pes varo-supinatus, 6l per 
cent; (2) pes varo-excavatus, 24.8 per cent; (3) pes varus, 14.2 per cent. He 
circulated a questionnaire regarding inheritance and got replies from 262. 
It is clear from the results that, like so many human abnormalities, the 
methods of inheritance are various, as shown by the 40 pedigrees, in which 
there are many irregularities and frequent skipping of a generation. The 
following types occur: (i) unilateral clubfoot, inherited always on the same 
side or changing between right and left; (2) symmetrical, always in both 
feet; (3) changing between unilateral and symmetrical (four pedigrees). 
One pedigree shows dominant clubfoot bilateral through four generations. 
Dominance occurs probably in nine of the pedigrees, in twenty-nine there 
is no dominance. The dominant pedigrees are all pedes varo-excavati, two 
of them iTnilateral, seven bilateral. Among the apparently recessive pedi- 
grees, both varo-supinati and varo-excavati occur (the latter only in six 
pedigrees). In one family the eldest son had clubfoot at birth, while others 
developed it during childhood. The appearance of clubfoot after birth is 
rare (i per cent) in supinati, but common (23.5 per cent) in excavati. In 
two pairs of apparently identical twins, one had bilateral clubfoot, the other 
was normal. This probably represents a type with low penetrance. 

The various types of clubfoot (talipes) are frequently named after 
the part walked on. Thus in t. equinus the toes are walked on owing 
to elevation of the heel by contraction of the tendon of Achilles. In 
t. calcaneus the toes are elevated and the heel walked on. In t. varus 
the outer border of the foot is used, in t. valgus the inner border, 
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Various combinations of these also occur. In t. cavus the foot is highly 
arched. All forms of talipes are due to irregular development of the 
tissues of the foot, the bones retaining their normal shape but being 
pulled into different positions by the muscles, while ligaments may 
be deficient or absent. 

In very young children the clubfeet are almost invariably supinated, 
and this can change during development to varo-excavatus. The 
percentage of inheritance of varo-excavati is twice that of supinati, 
and they show a normal sex-ratio. Twenty per cent of all cases of 
clubfoot, or 15 per cent of congenital clubfoot, Muller concludes is 
of the recessive type — not a simple recessive, but either involving 
polymery or due to an inherited disposition to clubfoot being sup- 
pressed by paratypic conditions. The latter alternative, now called 
failure of penetrance, is the more probable. The largest group is that 
in which neither heredity nor abnormal intra-uterine conditions can 
at present be shown. In the undoubtedly inherited cases the sex- 
ratio of clubfooted is 2 cf : i 9 , and as the doubtful group above 
mentioned has the same ratio they probably also come in the inherited 
class. Spina bifida appears frequently with clubfoot. 

That misshapen feet and other abnormalities can result from mechanical 
pressure within the uterus before birth has been convincingly shown by 
Browne (1936), but such cases are few compared with those due to heredity. 

Isigkeit suggested that the gene for clubfoot is recessive sex-linked, 
but Debrunner (1940) found one case of direct transmission from 
mother to daughter and another from father to son, although a genera- 
tion is very frequently skipped. The statistical relations are not in 
accord with a dihybrid recessive sex-linked heredity. Debrunner comes 
to the conclusion, after study of 140 cases, that congenital clubfoot 
is a monohybrid recessive, but suggests that it probably requires for 
its expression a * Realization-factor^’ as well. His statistics combined 
with those of Isigkeit and Fetscher give a ratio of 58.6 per cent affected 
males to 41.4 per cent affected females, but Debrunner collected from 
the literature 6872 cases of clubfoot and the sex-ratio was 66.20^ : 
33.8 9 . Possibly the Y-sperm bearing the gene for clubfoot on an 
autosome is more viable than the X-sperm bearing this factor. But 
in clubfoot families there appears to be an excess of normal males also 
(iiic?‘8i9), so the explanation of this 2 : i ratio can only be reached 
after statistical enquiry on a larger scale. The inheritance of clubfoot 
has also been investigated by Scherb (1939), who concluded that several 
different genes produce it. He regards clubfoot in the strict sense as 
combined with spina bifida and neurogenic in origin, showing muscular 
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paralysis or hammertoe; bat clubfoot also occurs without spina bifida. 
DeLucchi’s (1938) family had 8 cases (3cf’ 5 9) in four generations, 
the inheritance dominant. He found clubfoot associated with luxation 
of the femur in several published families. Martmer (1927) described 
a mother and two children with talipomanus or clubhands. 

Studer (1944) describes a man of 45 with an extreme form of bilateral 
clubfoot (talipes varus). The ulna of the right arm was also defective 
and digits IV and V were lacking in both hands and V in the left foot. 
Clubfoot was combined with syndactyly, ectrodactyly and brachy- 
mesophalangy. Dissection of the arms and feet showed muscular 
atrophy and anatomical abnormalities of muscles and nerves, including 
enlargement of the tibial nerve. The condition was regarded as endog- 
enous in origin. 

Brachydactyly 

This was the first case of Mendelian inheritance demonstrated in 
man. Farabee (1905) showed in a family in Pennsylvania, that it is 
inherited strictly as a simple dominant. Matings of brachydactyl 
with normal gave 50 per cent of each type (36 affected : 33 normal). 



Ffg. 133 - Brachydactyloiis and normal hand. 
(After Drinkwater) 


Although much less frcciuent than split-foot or clubfoot, the inheritance 
of various forms of brachydactyly has been more studied in recent 
years. Figure 133 shows the condition, in comparison with a normal 
hand, and Fig. 134 shows the presence of only two phalanges in each 
finger. Brachydactylous women cannot play the piano well owing 
to their inability to span the octave. Brachydactylous men in this 
family include farmers, mechanics, business men and school teachers. 
One was head of a commercial school and a fine penman, another was 
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a baseball catcher. The arms and legs are short, but the sitting-height 
is nearly normal, and abnormals arc stouter than their normal sibs. 
There is an unverified tradition in the family that the first member 



Fig. IS4. Skiagraph of a brachydactyl hand, 
showing two phalanges in each finger. (After 
Drinkwater) 


with short fingers came from Normandy in the army of William the 
Conqueror. Brachydactylous individuals have never intermarried; 
but the abnormals always marry first, and will soon have gained a 
generation in this way. 

Drinkwater (1908) independently investigated a British family, 
with the same results as regards inheritance. He found that the 
strength of grip in brachydactylous individuals was considerably below 
the average. They complain that they cannot play the piano or any 
other musical instrument requiring normal length of fingers, their 
grasp of objects is smaller than normal, and the women cannot do 
netting. That they are handicapped is shown by the fact that their 
social position is lower than that of their normal relatives. They are 
engaged in unskilled labor, while their normal relatives include farmers, 
grocers, etc. In a wild tribe where personal defence with weapons is 
a necessity, brachydactylous individuals would probably not survive. 
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In several papers Drinkwater made a careful anatomical investigation of 
brachydactylous hands and feet, including radiographic studies. The con- 
dition applies equally to fingers and toes, and is accompanied by short 
stature. In the digits he showed that the middle phalanx is very short, and 
has become ankylosed to the base of the terminal phalanx. Hence the second 
phalanx is rudimentary, and at a certain stage of development it unites 
with the terminal phalanx. The most important feature is the absence of 
the epiphysis (terminal cartilage, which becomes ossified) at the base of the 
second phalanx. The epiphysis may also, perhaps, be missing in some cases 
from the third phalanx, the second and third phalanges consisting of a 
single piece of cartilage. The metacarpal (hand) bones are also more or less 
abnormal, but the metatarsal (instep) bones are unaffected. Defective 
epiphyses of the long bones probably accounts for the shorter stature. 

This abnormal family was very prolific, the number of children 
in nine families averaging eleven each. A normal woman had forty- 
five descendants, while a brachydactylous woman in the same family 
had ninety-nine descendants. The numbers in successive generations 
show that the condition is on the increase, and that there is no chance 
of it becoming extinct so long as the briichydactylous members con- 
tinue to marry. For some unknown reason they do marry more 
frequently and earlier than their normal sisters. 

The essential feature in brachydactyly is the absence of the epiphysis 
at the base of the second phalanx, with subsequent ankylosis of the 
second and third phalanges. The fingers are about half the normal 
length. Although brachydactylous individuals are lacking in some 
forms of dexterity, and therefore must accept a lower social status, 
yet they show a decided increase in fecundity compared with normal 
members of the same family. In this family, twenty-five now living 
in England and Wales are brachydactylous. Beginning with the 
fourth generation, the total number of descendants from DR X RR 
crosses is 75, of whom 39 are abnormal. 

No connection could be traced between Drinkwater’s first brachy- 
dactylous family and the one described by Farabee, there being no 
surname common to the two families. Drinkwater (1915) has since 
described another family, however, which he has shown to be descended 
from a rnember of Farabee^s family, who removed from America and 
settled in England. In this family and its American antecedents the 
abnormality can be traced for six generations. In both of its branches 
the proportion of females among the abnormals is exactly 61 per cent. 
In the English branch 50 abnormals were recorded to 48 normals, show- 
ing that heterozygous brachydactyls produce the two types of germ 
cells in equal numbers. Normals mated together invariably have only 
normal offspring. The shortness of stature of brachydactyls is shown 
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to be due to the short legs, both femur and tibia being shorter than 
in normal members of the family. litis (1944) describes a small family 
with four cases ( 9 ) of this rare abnormality in four generations. 

Drinkwater has also described in two families the condition which 
he calls minor brachydactyly (1912, 1914). In a Lancashire family this 
abnormality has been traced through five generations, and sixteen 
abnormals were living when the study was made. The fingers are 
less shortened than in brachydactyly, but the middle phalanx of 
each finger is abnormally short. This is partly due to the absence of 
the epiphysis from the base of the second phalanx, except in the middle 
finger, and also to a slight shortening of the second phalanx, but is 
chiefly due to the fact that the cartilage between the shaft and the 
epiphysis becomes prematurely ossified, thus causing cessation of 
growth in length of the fingers at an early age. Union of the epiphysis 
with the second phalanx frequently occurs earlier in the first and fourth 
fingers than in the second and third, thus leading to a greater shorten- 
ing of the former. The abnormality of the toes is practically identical 
with that in ordinary brachydactyly. This family is also shorter 
in stature. As in the brachydactylous family, the women are 4f in. 
and the men 8 in. shorter than their normal siblings. A total of 
21 abnormals : 26 normals was recorded in families having one 
abnormal parent. The abnormals in this family are said to have better 
health than the normals. In the children the abnormality is incon- 
spicuous, and is sometimes detected only by flexing the finger. 

In the second family .showing minor-brachydactyly (Drinkwater, 1914), 
the conditions closely resemble those in the previous family, but so far as 
the records go back there is no connection. It is found in five generations, 
there being nine abnormals to ten normals, eight of the former now living. 
They are all descended from an illegitimate daughter of a short-fingered 
man, the mother having been married to a normal man by whom she had 
entirely normal de.scendants. These forms of brachydactyly are, therefore, 
all simple Mendelian dominants. They show a clear tendency to increase 
rather than die out, notwithstanding their social handicap, or possibly on 
account of it. 

Lewis (1909b), in a thesaurus of the work on brachydactyly up 
to the time his paper appeared, cites two other cases with interesting 
features. In Mercier’s case a French family is described in which 
eighteen members in three generations are brachydactyl, having two 
phalanges on all the fingers and toes. In Hasselwander’s case (a 
German family) there were six abnormal members of the family in 
three generations. The original brachydactyl of this pedigree came 
from normal parents and probably marks an independent origin of 
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the condition through mutation. The actual origin of such a case is 
naturally difficult to prove, and this can only be done where the condi- 
tions in both parents and grandparents are accurately and certainly 
known to be normal. 

That various other modifications of typical brachydactyly, in addi- 
tion to those described above, are inherited in the same way is shown 



Fig. IJS- Hand showing abnormal segmentation of 
index and middle fingers. (After Drinkwater) 

[)y such records as those since published by Drinkwater (1916). He 
traces through four generations a case of abnormal segmentation of the 
index and middle fingers, the third finger being much longer than any 
of the others owing to the great length of its proximal phalanx. The 
first and second fingers are also more or less tilted away from the thumb 
(see Figs. 135, 136). The sibships in this family number 15 affected : 
21 normal. The feet show ordinary brachydactyly. From a careful 
study of skiagraphs the following anatomical interpretation emerges: 
The index finger has at its base an extra triangular bone which sets 
the finger obliquely to the hand. The proximal phalanx of the middle 
finger appears to be divided equally or unequally into two parts; the 
lower part, however, is probably an extra bone corresponding to that 
in the index finger, and it also is set somewhat obliquely. In the adult 
hand these extra bones become ossified with the proximal phalanx 
of the ring finger. All these anatomical features behave as a unit in 
inheritance, with remarkably little variation in their development. 

Greene and Saxton (1939) described skeletal abnormalities in the rabbit, 
ranging from brachydactyly to acheiropodia. The condition was determined 
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by one recessive factor which produced a series of conditions from slight 
digital shortening to absence of hands and feet. The extent and location of 
the abnormalities was controlled by two groups of genes which behaved as 
quantitative modifying factors. Embryologically, the first abnormal change 
was dilatation of the blood vessels in the affected limb buds, followed by 
hemorrhage and necrosis and in some cases sloughing of the affected parts. 



Fig. 136. Skiagraph of the hands of a girl aged 19, in the same 
family as Fig. 135. (After Drinkwater) 


Drinkwater (1917) has described yet another digital abnormality 
closely related to brachydactyly, which is remarkable for the number 
of generations for which it is known to have been handed down in 
one family. It is now called symphalangism. The peculiarity is as 
follows, as found In the hands of a gentleman, A. T., of the present 
generation. In the middle finger the joint between the middle and 
basal phalanges is only very slightly movable, the articular surfaces 
of the bones being enlarged, while in the ring and little fingers there 
is no joint between the proximal and middle phalanges, these two 
being completely fused into one (see Fig. 137). All the fingers are 
movable at the distal joint, and both hands are alike. All the toes, 
except the hallux, are affected exactly like the ring and little fingers. 
This man’s father and his mother are known to have had precisely 
the same abnormality. His father married twice, and one of the half- 
brothers shows it. The most interesting feature of this case is that 
A. T. is a direct descendant in the male line from John Talbot, the 
first Earl of Shrewsbury, who figun\s in vShakespeare’s Henry VI, and 
was killed in battle near Bordeaux in 1453. Tradition has it that his 



Skiagraph of the hands of A. T., showing the absence of a joint 
between the proximal and middle phalanges of the ring and little lingers. 

(After Drinkwater) 

bones, when examined, showed the same ankylosis that exists in his 
modern descendant. On the stone efifigy the fingers, which were some- 
what damaged, also showed precisely the same thickening of the middle 
joint as described in his descendant. Clearly, then, this defect has 
been handed down for more than five hundred years as a Mendelian 
dominant, and the genealogy of the family shows that it must have 
been inherited through fourteen generations. This is one of the longest 
periods on record for the tracing of an anatomical abnormality in 
man, though the Hapsburg jaw extends back equally far. 

Walker (1901) described a family in Maryland, with ten cases in 
five generations, of a condition very similar to the above. In digits III 
and TV the joint between the proximal and middle phalanges is missing 
and in addition the terminal phalanges are often absent from digits IV 
and V (hypophalangy). Congenital ankylosis of the terminal joint in 




thigh Iione was broken while on horseback, and that when he fell 
from his horse he was killed by the blow of a battleaxe on the head. 
His body was buried in a tomb inside the church at Whitchurch, which 
was surmounted by a stone effigy. In 1874 the tomb was opened and 
repaired by one of his descendants. The skeleton was identified by 
the cleft skull and the fracture of the right thigh bone. The finger 


ABNORMALITIES OF THE LIMBS 


399 


the index finger only (Cole, 1935) occurred in 9 members (2 cT 7 9 ) 
in five generations. The terminal and middle phalanges on some of 
the toes were also fused. This is probably a dominant with low pene- 
trance. There are at least four previous reports of a similar kind. 
Another case of symphalangy or orthodactyly was described by Daniel 
(1936) in a Welsh family of Scottish ancestry, with 16 cases (fief 10 9 ) 
in five generations. It is strictly dominant and the sibships number 
14 affected : 14 normal. The terminal joint of the index fingers was 
inflexible due to fusion of the phalanges. The mid-phalanges were 
abnormally short and in certain cases other finger joints were affected 
and finger-nails were absent. The name suggested is phalangeal 
anarthrosis of the index finger. 

In the United States, Cushing (1916) has described essentially the 
same condition, but no connection with the English family can be 
traced. Those who have it are commonly spoken of as straight-fingered, 
because the fingers can only be partly closed on the palm. The terminal 
joints can be flexed, although the rest of the finger is straight. The 
greater effect on the middle phalanges is true also of Drinkwater’s 
minor-brachydactyly, and is probably due to the fact that the ossifi- 
cation centres appear later in this phalangeal row, this being the last 
row, and the terminal row the first, to ossify. The toes are likewise 
affected, even occasionally (as in “lobster claw”) when the hands 
appear normal. 

It is quite probable, according to Cushing, that the articulations between 
the proximal and middle rows of phalanges are the last to be laid down, and 
that “an inhibitory influence checks their development at a stage a few days 
later than that which checks the formation of the ossification centres and 
produces brachydactyly.” Hence both are conditions of arrested develop- 
ment in different degree. According to Cushing, long slender fingers (arachno- 
dactyly) may result from deficiency of pituitary secretion, while excessive 
secretion produces short, stubby fingers. 

The original member of this “straight-fingered” family, William B., 
migrated from Scotland to Virginia in 1700. He married, and from 
him are descended seven generations, most of whom still live in the 
same region of Virginia. A member of the fifth generation has com- 
municated with a Scottish relative who shows the trait. The inherit- 
ance is dominant, the family including 452 individuals in eight genera- 
tions. Of the 150 children of an affected parent in twenty-eight com- 
pleted families, seventy-eight of. them, or 52 per cent, carried the trait. 
There is considerable variation in the expression of the character, 
and it may be transmitted in extreme form by a parent who appears 
to be but slightly affected. In one case a woman who was doubtfully 
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abnormal, but transmitted the trait, was shown by skiagraphs to have 
the condition only on the little finger of one hand. 

Another family with the same peculiarity of fingers, which cannot 
be flexed properly, is described by Duncan (1917). It is perhaps 
related to Cushing’s family, since its ancestors are said also to have 
come from Scotland. The second joints of the fingers, and frequently 
also of the toes, are perfectly inflexible. The character is domi- 
nant in four generations, the original affected parent (male) being 
heterozygous. 

Rochlin (1928) cites from the literature several other cases of the 
inheritance of stiff fingers with ankylosed proximal finger joints, and 
describes a family with seven cases in four generations. Typically 
the middle joints of digits II to V on both hands were affected, as 
shown by skiagraphs; but there were variations, and the toes might 
also be affected. This condition is also dominant and presumably 
arose as a mutation. Wilmoth (1930) cites a family in which the 
proximal phalangeal joints on the four fingers of both hands were fused. 
The ring finger on each hand also lacked a distal phalangeal joint and 
the terminal phalanx of each little finger was flexed at 90°. The tarsal- 
metatarsal joints were fused except on each big toe, and the terminal 
phalangeal joint of the second toe of each foot was also ankylosed. 
The condition was dominant, with six cases in three generations. 

Symphalangy has been described (Hefner, 1924a) in a family from 
Ohio, dating back to the American revolution and showing a dominant 
inheritance with twenty-three cases in six generations. The original 
ancestor, Joseph B., and his wife emigrated from Virginia, whence 
Walker’s family also emanated. Cushing believes that Joseph B. 
is a grandson of the William B. in his pedigree, and thus these two 
pedigrees are connected. Probably also Walker’s family belongs to 
the same stock, and possibly all trace back to the Earl of Shrewsbury’s 
line, so that the mutation would have happened but once. In Hefner’s 
pedigree, the sibs from DR X RR matings number 22 with fused 
joints: 27 normal. The ankylosis shows some variation; all four fingers 
may be affected or only the little finger, and in one individual the 
condition was only present on one hand. Affected persons were flat- 
footed, but the toes were normal. Inman (1924) briefly describes 
another family from Ohio with four cases in four generations of direct 
descent. In the case examined, the fingers were not shortened and the 
symphalangy occurred In digits II and V of both hands, also in 
digits II~V of both feet. Freud and Slobody (1943) describe an Indian- 
Negro family with five cases of dominant symphalangy in four genera- 
tions, one joint being suppressed. 
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Another pedigree of a short-fingered family is given by Mohr and 
Wriedt (1919), who review the literature of brachydactyly. The case 
they describe, with numerous photographs and skiagraphs, is of a 
Norwegian family, some of whose members migrated to North America. 
The malformation consists in a shortening of the second phalanx of 
the second fingers and toes only, and is called brachyphalangy. There 
is no shortening of the stature. The condition occurs in two degrees: 
(i) so slight as to be often overlooked or even invisible. This condition 
may really be widespread in the population. (2) More extreme, prob- 
ably due to the presence of a modifying or intensifying factor. The 
inheritance is that of a simple dominant. It has been traced through 
five generations of descendants from a brachyphalangous woman born 
in Norway in 1764, with 32 cases (i5cf 17 9 ). Detailed knowledge 
of the earlier generations is obtained from a carefully kept “family 
book.” In two lines descended from an affected daughter and an 
affected Son of this woman, every individual is recorded. In one case 
intermarriage within affected lines apparently produced an individual 
homozygous for the character. She was a cripple without fingers or 
toes, and died at the age of one year. This shows how serious even 
a slight abnormality may become if present in the homozygous condi- 
tion. It corresponds with many of the lethal factors known in Dro- 
sophila and other animals. The writers refer to Mackinder’s (1857) 
record of a family, in which brachyphalangy combined with hypo- 
phalangy (less than three phalanges) was transmitted as a dominant 
for six generations. This was in 1857, before even Mendel’s original 
work was done. 


Wegelin (1917) traced through three generations an abnormality 
producing crooked little fingers. The terminal phalanx is bent to the 
radial side, the middle phalanx shortened, 
and its distal end oblique. It is dominant, © | 

but there were fourteen abnormal to two 1 t 1 a, x ^ 1 

normal in the third generation. Macklin ^ ^ | 

(1927) gives a pedigree (Fig. 138) of a crooked J "A A_ ^ — T* 
little finger and color-blindness. The grand- D 0> ■ ■ ■ 

parents were cousins and the grandmother S=Diedin infancy 
must have been a carrier for color-blindness, Pedigree of cobr- 

as the daughter, II. 6, was color blind. She SSe ^ger.^Afte^r MaSli^ 
must have been homozygous for the condi- 
tion, as she transmitted it to all four of her sons. The crooked little 
finger is independently inherited as a simple dominant. Thomas (1926) 
recorded a pedigree with 7 cases (6d' i 9) in three generations in 
which a bent and stiff little finger on the right hand was inherited 
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as a strict dominant. Stiles and Schalck (1945) cite a family with 
curved fore-fingers. The two distal phalanges are deviated to the ulnar 
side. A single dominant gene is indicated. The family examined 
showed 34 cases (140’ 20$) in four generations, generally bilateral. 
X-rays show that the bones are normal. This condition is less 
marked them clinodactyly and is not an abnormality. The little 
fingers are also usually slightly crooked, sometimes even digits III and 
IV. This aberration is fairly common and may be genetically useful. 
In a family in North Carolina (Murphy, 1926) there were 33 cases 
( 2 icf 129) in five generations of finger contracture, bilateral, most 
marked in the little fingers, and probably due to shortening of the 
joint capsules. This dominant condition was congenital, more frequent 
in males than females, and often (il cases) associated with subluxation 
of the knee-joint as well as other defects, mainly skeletal. 

The remarkable accuracy of the inheritance of many digital malformations 
is shown incidentally by a paternity case (Mohr, 1921), in which the alleged 
father had a pronounced brachyphalangy affecting the second row of pha- 
langes on fingers and toes II, III, and IV. The thumbs were normal, but the 
basal phalanx of the great toe was shortened. The hands and feet of the 
child showed exactly the same malformation, and skiagraphs indicated 
absolute correspondence in the bones. The man was therefore adjudged to 
be the father. 

In another case (Rieder, 1889) the father had a rudimentary (short) 
fourth metacarpal bone, the ring finger being also short and small. The 
daughter exhibited “lobster claw” in the right hand, while the feet showed 
absence of certain toes, reduction of certain phalanges, and syndactyly. 
Such combined abnormalities in a line of descent are not infrequent. 

Hall (1928) contributes two pedigrees from the mountains of north- 
western Shansi, China. In the Ch’en family there is complete ankylosis 
of the proximal joint in the fingers and toes. This generally involves 
digits II-V, but the thumbs and big toes are not affected, nor is the 
length of .the fingers. The distal joint shows more movement than 
usual. There were 47 cases( 28 cf 19 9) in seven generations, the con- 
dition being strictly dominant, with no skips, sibships 39 normal: 
46 affected. The excess of affected is quite possibly due to fuller 
ascertainment. The proband stated that of 300 known members of 
his family at least 100 were similarly affected. An independent family 
showed a similar condition. In the Ho family there was a shortening 
of the middle phalanx, especially in digits II and III, which made 
the middle finger very short. The middle finger also had an extra 
small basal phalanx (perhaps an enlarged epiphysis). This dominant 
condition was present in four cases in three generations. 

Brachydactyly may occur in the hands only, the feet only, or in 
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both, and the three conditions are more or less independent. Cutter 
and Nelson (1931) cite a family in Oregon in which only the toes are 
affected, having two joints. From the incomplete pedigree in three 
generations the condition is dominant, but a father in whose toes 
there were three abnormally short phalanges transmitted the condition. 

Brachydactyly (short fingers) can occur either as brachyphalangy 
(shortening of phalanges) or as hypophalangy (absence of certain 
phalanges). Marshall’s (1929) family is like Drinkwater’s Liverpool 
family (1908). The mid-phalanx was not really absent, but early 
united with the terminal phalanx in Drinkwater’s family. In Marshall’s 
family, with seven cases in four generations, the mid-phalanx was 
rudimentary and not fused with the terminal phalanx. Nissen (1933) 
described a New Zealand family in which there is shortening of the 
middle phalanges of the fingers and the proximal phalanx of the thumb. 
There is also a variable degree of shortening in other phalanges and 
in the nietacarpals, with frequent fusion between the middle and 
distal phalanges, the epiphyses being constantly absent from the middle 
phalanges. The feet show corresponding changes. Drinkwater pointed 
out that the absence of an epiphysis predisposes to fusion. 

Retardation of the epiphysial union and retention of the epiphysis as a 
separate bone occurs normally in the sea mammals (seals, whales, walrus). 
In cases of Mongolism and myxoedema all the metacarpals may have prox- 
imal epiphyses — a condition which may represent an endocrine retardation 
of skeletal growth. Thus digital abnormalities may have both a phylo- 
genetic and a physiological significance. 

This form of finger-shortening is strictly dominant, the family hav- 
ing 32 cases (110^219) in five generations (sibships 32 affected: 
32 normal). The 2 : i ratio of affected females to males is unexplained. 
This family originally emigrated from Derby to Australia in 1840 
and the New South Wales branch was described by Lipscomb (1915). 
He shows that digits II and V in both hands and feet have only two 
phalanges, the middle one being absent, while digits III and IV have 
three phalanges but the two distal ones are rudimentary in fingers 
and toes. The pedigree is strictly dominant, with 14 cases (6 c? 5 9 
3 unstated) in five generations, the sibships 13 affected : ca, 14 normal. 

Walter (1938) described a large family of mountaineers in West Virginia 
with 39 cases (i 6c? 23 9 ) of short digits in five generations. The dominance 
was strict. There are no anatomical details except that some had part or 
all of their fingers short, others had short toes and some had both. 

That brachyphalangy and hexadactyly are not necessarily always 
dominant is shown (Gates, 1933) by the son of a second-cousin mar- 
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riage, who had an extra little finger removed from each hand. The 
second and third phalanges in the fingers were very short, the nails 
very small or missing, and the little fingers strongly bent. The toes 
of the pentadactyl feet had similar abnormalities. The condition 
resembles brachyphalangy in that the fingers, toes and stature were 
affected (he was 4 ft. 7 in. high at twenty-four years of age, and stout), 
but the condition of the nails was like apical dystrophy. His ancestors 
for three generations were normal. 
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mutation showing a combination of brachyphalangy 
and iiypophalangy. (After Liebenam) 


A pedigree of Liebenam (1938) shows a combination of both methods 
of shortening the fingers. Case ILL i, from normal unrelated ancestors, 
appears to be a mutation (Fig. 139). He was the eldest of ten children, 
the others all normal, and there is no skeletal abnormality in his 
ancestry. Some fingers show two phalanges and some three short 
ones, but the nails are constantly large and the toes are like the fingers. 
Five of his six daughters, including two pairs of non-identical twins, 
arc like their father. He was born with short, broad hands and feet 
and was small (153.4 cm. tall) but well proportioned. His paternal 
ancestors were tall and slim, but on the mother^s side they were small 
and compact like III. i. As brachydactyly is connected with short 
stature, it seems possible that the mother's family contributed some 
element to the production or expression of this dominant mutation. 
Perhaps her heredity combined with that of an exceptional germ cell 
from the father tipped the balance into a new condition more extreme 
than that of the mother alone. 

In another family (Becker, 1939) the middle phalanx is short in 
fingers and toes {brachymesophalangy) , There were 15 cases (Sef* 7 9) 
in five generations, dominant with one skip, the sibships numbering 
15 affected to 16 normal. The fingers show considerable variation, 
including hyperphalangy (four joints instead of three), clinodactyly, 
camptodactyly and shortening or decrease in size of single metacarpal 
or carpal bones. 
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Danforth (1919a) described a condition which he called brachydactyly in 
fowls. Such birds differ from the normal in that digit IV, instead of having 
five phalanges and being longer than digit II, varies from as long as II (not 
longer) to a toe having only two phalanges and no nail. He treated with 
alcohol (1919b) fowls which were heterozygous for brachydactyly, poly- 
dactyly (extra toes), and white color — both males and females, the alcohol 
being inhaled for short periods. A larger percentage of brachydactylous 
birds was consistently obtained in the offspring of treated males, indicating 
that germ cells carrying brachydactyly were more resistant than normal 
germ cells. This experimental method should be applicable to a variety of 
cases, and furnish evidence of the relative viability of different types of 
germinal differences. Ultimately it might lead to a method of selectively 
eliminating certain undesirable types of germ cells. The studies of Pearl on 
the effects of alcohol on pure races of fowls, of Harrison with moths, and 
other similar results, indicate in such cases there is a selective weeding out 
of weaker germ cells, leaving the stronger to take part in development. 

Gilmore (1927) described a family with a brachydactylous condition 
very similar to those previously described. There are only two pha- 
langes in each finger, the proximal ones being of normal length, the 
distal ones abnormally short. The nails are rudimentary, not extend- 
ing to the ends of the fingers. The thumbs had only one phalanx, with 
a shortened nail. The feet were normal. A laborer suffered no dis- 
ability from this condition. The inheritance is a simple dominant with 
13 cases (ycT 5 9 ) in four generations. 

Chilton (1927) described a pedigree with six cases in four generations, 
in which the middle and terminal phalanges were shortened, and each 
finger had two nails side by side separated by a strip of ordinary skin. 
The thumbs show the condition most completely and the little fingers 
least. The feet were normal, Inheritance dominant. 

Hereditary shortness of thumbs was first described by Breitenbecher 
(1923) in a family in Oklahoma. The terminal phalanx of the thumbs 
is very short with a very broad and short nail, and measurements 
show that the second phalanx of the other digits is also shorter than 
normal. The metacarpals, however, are longer than in normal hands. 
Women with such short thumbs found it necessary to use a short 
needle in sewing. The condition is traced as a simple dominant through 
five generations. Nine of the children died in infancy. Of the remain- 
der, twelve are seen to be abnormal and fifteen normal, in sufficient 
agreement with a i : i ratio. 

Hoffman (1924) has described the same hereditary conditions in 
two women. In each case a sister and the maternal grandmother 
showed the same condition. Hence it was an irregular dominant. 
Hoffman (1928) described eight more cases, six of them bilateral. 
It was also present in relatives and ancestors. Thomsen (1928) 



406 


HUMAN GENETICS 


described the short thumb in Sweden as due entirely to shortening of 


the distal phalanx, owing to too 


IHg. 140. Short distal phalanx of thumbs, 
with short, broad nail. (After Thomsen) 


early ossification of the epiphysis 
in this phalanx. The nail again is 
very broad and short (Fig. 140), 
and the condition is not associ- 
ated with long and narrow hands. 
Thomsen reports it in fifteen “ un- 
related*^ families. It is an irregular 
dominant. The condition is also 
frequently unilateral. 

Short thumbs similar to those of 
Brcitenbecber’s pedigree appear to 
be of fairly common occurrence. 
They stand on the border line be- 
tween an abnormality and the nor • 
mal condition. Hefner (1924c) finds 
a short terminal phalanx of the 
thumb in nine separate lines in 
Ohio and gives one pedigree .:)f the 



condition with fifteen cases in five generations (Fig. I4i)» and two others 
each with four cases in two generations. The condition sometimes occurs in 
only one hand. In one individual it was sporadic, his four sibs, parents, 
grandparents and numerous aunts, uncles and cousins cill being supposedly 
free from it. This is probably a case of mutation. 



= One thumb alone affected 

Fig. 1 41. laheritancc of short thumbs. (After Hefner) 

Hefner also refei's to a case where father and son have a peculiar 
condition of the little finger, which cannot be straightened owing to 
shortness of the tendon. The proximal phalanx is also bent at the tip. 
Neurath (1932) recorded a family with broad thumb and big toe, with 
a broad nail. There were five cases in three generations (dominant), 
the thumbs and big toes being affected in all. Sayles and Jailer (1934) 
descrited another family with short, broad thumbs and a wide nail. 
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Fig. J42. A short metacarpal. (After Koenner) (From the J. of Heredity) 

that finger being very short, so the tip of the ring finger is scarcely 
beyond that of the little finger. It was a somewhat irregular dominant, 
with 6 cases (i cf 5 $) in three generations. The third digit was also 
short in one individual, the fifth in another and the fourth toe on the 
left foot in a third. Koenner (1934) shows (Fig. 142) a single case in 
one hand of a man whose parents and grandparents were normal. 
Stiles (1939) cites thirteen papers on this condition, the earliest in 1903. 
They are mostly isolated cases without reference to heredity. Ho\y 
many are real mutations it is impossible to say. Boorstein (1926) found 
a family in which a short metacarpal, generally fourth, was associated 
with a short fourth metatarsal. Although no pedigree was given, the 
condition was evidently dominant, with ten cases in three generations. 
Miskolczy (1929) recognized it as dominant in a family in Budapest 


ABNORMAl.ITIKS OF TUF LIMBS 


The condition was strictly dominant, with eight cases in four genera- 
tions. It appears to be fairly common in the population. 

Still another form of digit shortening is that in which the phalanges 
are of normal length but the metacarpals or metatarsals or certain 
of them are abnormally short. For this condition the term hrachy- 
metapody has been suggested. In a family describetl by Gillette (1931), 
the third (ring) finger on each hand is affected, the metacarpal for 
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with eight cases in three generations. He calls it brachymetacarpy and 
finds it linked or associated with schizophrenia in the same family. 
Metacarpals III and V were short. Stiles’ family had 5 cases (i cf* 4 9 ) 
in two generations, the dominance irregular. Brailsford (1945) gives 
skiagraphs of a family with 18 cases in four generations. Metatarsals 
or metacarpals III, IV and/or V were short, and some had associated 
defects of the bones. 

Davenport (1933) cited a family in which it was at first alleged 
that a short metacarpal (depressed knuckle) had resulted from an 
accident and then been transmitted to a child. It was finally found 
that the condition was present in mother, daughter and a second cousin 
(female), being most marked in digit IV but also present in III and V. 
Steggerda (1942) describes a family in Yucatan, with three cases in 
two generations, in which the fourth metatarsal only is short, making 
the fourth toe no “longer” than the little toe. It is probably dominant 
with very low penetrance. Fischer and Vandemark (1945) cite a soldier 
with both fourth metacarpals and fourth metatarsals short, causing 
pain in marching. This was associated with dark brown pigmented 
areas on trunk and legs. There is no basis for their suggestion that the 
condition is recessive. 

This and much other evidence shows that single bones of the skeleton 
can be controlled by a single gene, either as regards their length or their 
complete absence. Particular muscles are also frequently present or 
absent. The variability in the expression of the above gene is shown 
by its unilateral occurrence, irregular dominance and the occasional 
affection of adjacent metacarpals and of metatarsals. It also appears 
to find expression more frequently in the female sex. 

Many military cases of painful feet owing to a short first metatarsal 
(Morton’s syndrome) are described by Bingham (1944), but no evi- 
dence of its manner of inheritance is offered. In recording 259 cases 
of fractured metatarsals from marching, Leveton (1945) finds that the 
condition occurs mostly in soldiers of 18 to 19 years with normal feet. 
He finds it more frequent when the metatarsal is rather thick, and 
attributes it to fatigue of the peroneus longus and the tibialis posticus 
muscles, which help to maintain the arch of the foot. 

It is generally recognized that the more marked forms of brachy- 
dactyly are accompanied by shorter stature, the long bones of the 
skeleton being affected. Shafar (1941) summarizes the various forms 
of finger-shortening and adds another in which the shafts of the meta- 
carpals and metatarsals as well as the phalanges are shortened and broad- 
ened, Although the fingers and toes are short, there is no lack of 
manual dexterity, but the head of the femur is flattened and irregular, 
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causing difficulty in walking. Radiography showed that the epiphyseal 
ossification was irregularly multinucleate, leaving small unfused 
ossicles. This is really chondro-osteo-dystrophy in hands, feet and 
hips. Five cases, all female, were found in three generations, the 
condition dominant. 

.Short fingers and wide hands are inherited in a family with eighteen cases 
in four generations and one skip (Pendergast, 1936), but the anatomical 
conditions were not determined. 

In Swedish cattle a condition is described (Johansson, 1942) in 
which the metacarpal and metatarsal bones are shorter than normal, 
phalanges I and II are missing, but phalanx III and the hoofs are nor- 
mal. These animals cannot stand, but crawl, and the condition is prob- 
ably a monogenic recessive. 

Crooked Little Fingers 

Lucas (1880) says, “I have more than once traced a crooked little 
finger through three generations.” Pol (1921) made an extensive 
anatomical investigation of brachydactyly and related digital abnor- 
malities, such as cUnodactyly. He regards the latter as an intermediate 
step between biphalangy and triphalangy. These anomalies are classi- 
fied into two types, differently inherited., In brachyphalangy and 
hypophalangy only the malformed transmit the deformity, i.e., it 
is dominant, while in brachyhyperphalangy the transmission is also 
from normals (hence recessive or showing variable dominance). It 
appears best to use the term cUnodactyly for fingers bent in the radial 
direction, and confine the term camptodactyly to fingers permanently 
bent in the direction of flexure. These conditions may be due to the 
shape of the bones or their joints or may be caused by short tendons. 
Now that there are so many different forms of inherited short or 
crooked fingers, the whole subject of their nomenclature requires the 
careful attention of the anatomists. Vidal (1910) had a pedigree in 
five generations of abnormal segmentation of fingers. It showed ten 
cases of brachydactyly in digits II and III with hyperphalangy of II 
and twenty cases of a bent little finger (seventeen bilateral) as well 
as other malformations. The condition was dominant with certain 
skips. Nowak (1934) described a family with clinodactyly, the terminal 
phalanx of the little finger being bent against the ring finger. It is 
dominant, with 13 cases (9d' 4?) in four generations. Two smaller 
families were also recorded. In another case (Cohn and Ravin, 1941) 
a child of apparently normal parents had clinodactyly of the index 
fingers and the big toes. This is probably a mutation, but might be 
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recessively inherited. Zurukzoglu (1929) described a family in Bern 
with 30 cases (16 cf* 14 9) in three generations, strictly dominant. 

An extreme form of camptodactyly, in which the little finger is so 
strongly flexed that the first and third phalanges are parallel and prac- 
tically touching, was described 
in a family (Fig. 143) from the 
Transvaal (Fantham, 1924). The 
abnormality is apparently con- 
fined to the left hand; it occurs 
only in males and is transmitted 
from father to son, like the 
Y-chromosome. All the sons of 
an affected father should show 
the condition unless there is 
crossing-over between X and Y. 
In that case, some normal dajighters might transmit, but there is no 
statement regarding this point. The five normal sons might be due 
to failure of penetrance. 

A slight degree of camptodactyly was found by Moore and Messina (1936), 
the little finger only involved and seven of eight cases in three generations 
unilateral. The condition is dominant, with one vskip. The joint is normal, 
the little finger being permanently extended in some and permanently flexed 
in others. It is supposed that the extensor expansion, which trifurcates, has 
longer and weaker lateral parts, causing permanent flexure in some and 
extension in others. Thomas (1936) described three unrelated cast s ot girls 
in which the little finger of both hands had the terminal phalanx elongated 
and curved inward toward the palm. 

Manson (1928) described a man with the fingers of both hands deviated 
toward the ulnar side (clinodactyly), hollowing of the palms, and a very 
prominent first carpo-metacarpal joint. His feet were similar. He inherited 
the condition from his mother, who showed the condition in her feet but had 
normal hands. His sister was like the mother, while two brothers were 
normal. He had a son who was normal, a daughter with high plantar arches 
but normal hands, and a younger son with plantar arches in both feet. 

Hefner (1929) recorded the occurrence of crooked little fingers due 
to congenital shortness of the branch of the flexor digitorum ligament 
leading to the middle phalanx of the little finger, and suggested for it 
the name streblomicrodactyly (Fig. 144). This is then a form of campto- 
dactyly, and 14 cases (Sc? 9 9 ) in four generations of a family were 
recorded, the condition being strictly dominant and confined to the 
little fingers, occasionally unilateral. Allan (1939) found the same 
condition in a family with four cases (all males) in three generations. 
The dpmin?tnce is very irregular and there may be a predilection for 
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the male sex. Allan has three other pedigrees of short finger tendons. 
In family B the condition is the same, the inheritance dominant with 
four females affected in three generations. This confirms the excess 
of females affected in Hefner’s family. In family A, that part of the 
extensor digitorum communis tendon inserted into the dorsal surface 
of the last phalanx of the ring finger is so shortened in both hands that 
the last joint can be only slightly flexed. That the joints are otherwise 


Fig. 144. Camptodactyly due to a short ligament. (After Hefner) 
(From the J. of Heredity) 


normal was shown by X-ray examination. The family had 7 cases 
(3 cf* 4 9 ) in three generations, inheritance dominant with no skip. 
In family C a boy could not extend his middle fingers beyond a right 
angle at the middle joint owing to shortening of the tendon of the flexor 
digitorum sublimis which is inserted into the sides of the second 
phalanx. His brother had the same anomaly in the ring fingers, and 
their mother in the little fingers. Inherited tendon defects thus show 
the same specificity and limited variation in the fingers affected, as 
is found with abnormalities of the phalanges and their joints. 

Ritterskamp (1936) described a family with six cases of camptodactyly in 
three generations. Contracture of the little finger of one or both hands 
occurred at the basal joint (cf. Dupuytren’s contracture). The inheritance 
is dominant, with one skip. Frequently the third finger was' involved and 
hammertoe was an associated condition. The many theories of the origin of 
this condition include a dermatogenous theory (primary lack of skin dif- 
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ferentiation), desmogen theory (contraction of connective tissue and 
tendons), myogenic theory (origin in the muscle) and an arthrogenic theory 
(changes in the joint), but all agree that it is inherited. Another family was 
described by Hefner (1941) with slightly crooked little fingers (minor streb- 
lomicrodactyly), 12 cases (40^ 8 9) in four generations, strictly dominant. 
Dolichodactyly (long fingers) is noticeable in the hands and the slight crook 
of the little fingers appears to result from a short tendon of the flexor 
digitorum muscle. Some of these conditions may be allelic, but there is no 
evidence on the point. 

Goldflam (1906) reported a family in which the little finger and 
in some cases also the ring finger was flexed, with ankylosis, so that 
objects could not be grasped. Hefner (1924b) recorded a case in which 
the little finger in each hand was crooked owing to shore tendons and 
also to a bent tip of the first phalanx. The same condition was present 
in one hand of the father. Stoddard (1939) records a family with 
1 1 cases (4 c? 7 9 ) in four generations (unilateral in three) of a crooked 
little finger due to a short tendon. In one case the defect was corrected 
by massaging and so stretching the tendon. 

A well-known Roumanian pedigree (Fig. 145) of Tomesku (1928) 
is believed to show genetic linkage between a crooked little finger 
(clinodactyly) and brunet coloring. The terminal phalanx was bent 

to the radial side and digits II and IV 
were similarly affected to a less extent. 
The sixteen cases in four generations were 
all said to have black hair, while those 
with blond or brown hair did not have 
clinodactyly. This would indicate close 
linkage. Tomesku cites Weber (without 
giving the reference) as observing a fam- 
ily in which the members with red hair 
had exostoses while the brunets did not. 
Glass and Magee (1935) cite a family 
with four cases of bent little fingers in four generations, the second 
phalanx of this finger being short and the joints all flexible. Three of 
them had dark brown and the fourth red hair. In another family the 
grandfather had crooked little fingers, which reappeared in different 
sibships of the third generation. A blond member of this family had 
the clinodactyly. This evidence is not sufficient to prove an absence 
of linkage. 

A combination of biphalangy (two phalanges) with lack of nails (ano- 
nychia) on certain fingers, and ankylosis of the distal interphalangeal joint 
of digit II, was described by Drey (1912). The pedigree shows dominance, 
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Fig. 14$. Linkage of clinodactyly 
and brunet complexion. (After 
Tomesku) 
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with lo cases (4cf’ 6 9) in five generations. Probably two independent or 
partially linked genes are involved. There were four cases of biphalangy, 
three of a stiff joint and four of both together. 

Several cases of hyperphalangy combined with other digital defects 
have already been mentioned. A special form of hyperphalangy is a 
three-jointed thumb, Stieve (1916) described a case in which the thumbs 
of both hands had an extra joint. This is one of the rarest malforma- 
tions of the hand, due to failure of the two terminal phalanges to fuse. 



Fig. 146 . Skiagraph of hands showing the thumb re- 
placed by two fingers, each having three phalanges. 
(After Penhallow) 


He cites thirty-nine cases from the literature, in which there is a super- 
numerary phalanx on both thumbs, and sixteen in which it is on only 
one hand. In thirty-three cases of its bilateral occurrence, in ten 
different families, it was known to be inherited, while there was said 
to be no evidence of its inheritance when it occurred on only one hand. 
Rieder (1900) described a family in Munich in which an affected father 
had an affected daughter by his first marriage and three of five affected 
children by his second wife. The condition was evidently dominant. 
The middle phalanx of the thumb varies greatly in length in these 
cast's. Roberts (1943) describes another family with three-jointed 
thumbs on both hands, strictly dominant, 14 cases (60^ 8 9) in four 
generations. He cites several other families from the literature. 

Frere (1930) described a Negro family with this condition in three 
generations, each hand having two thumbs, each with three phalanges. 
Penhallow (1928) described a single case in a colored man (Fig. 146). 
The thumb of each hand was replaced by two functioning fingers, each 
having three phalanges and resembling the third and fourth fingers. 
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The nails were perfect and there were six metacarpals. These two 
fingers were i)erfectly formed and functioned independently. The 
l(‘ft foot also had a double great toe, only the two terminal phalanges 
l)eing duplicated. Polonskaja (1936) described two unrelated cas(\s 
of double thumb on one hand, one of them in a Bashkir. They were 
combined with various defects of heart, arteries and intestines. vSrnith 
and Norwell (1894) described an early family with three-jointed 
thumbs and polydactyly, eight cases in three generations (dominant). 

From the cases cited by Stieve it is evident that a three-jointed 
thumb, when present bilat(‘rally, is inherited as an irregular dominant. 
In several cases hyperphalangy of the thumb was coml)ined with 
radial })olydactyly, i.e., doubling of the thumb. In one family, father 
and daughter both had two three-jointed thumbs on each hand. 
Ifi'obably when these conditions are unilateral they are still inherited 
but show much lower i)(aietrance. 

vSehroeder (191 <8) described a condition of hypoddclyly appearing in the 
hands and feet of a family for five generations and accompanied by other 
deformities. The strain originated with a woman, who is said to have had 
normal [Barents. vShe produced three affected and two normal c'hildren, the 
latter having only normal descendants, while the former had 28 normals : t 6 
affected offspring. The condition is transmitted l)y both sexes, and shows a 
tendency to bec'ome less marked in later generations. 

A \adual)le study ot hrachydactyiy and related conditions was na'cntly 
made by vSehinz (1943), who brings together the pedigrees and '•dad' iies 
the anatomy ol hands and feet. He recognizes four main ty|)es: 

1 . Earal)ee (brachyhypoi)halangy of hands and feet, with little variation). 

2. Drinkwater I (brachymevsophalangy and bra('hyhy[)ophalangy, with 
niiK'h variation). 

3. I)rinkwat(‘r IF (1 nxK'hymCvSophalangy with little varial)ility). 

4. Vidal (1910) (brachyhyperphalangy with inherited variations). 

ddiese are all simple dominants with variation in expressivity and 
vSehinz makes the prol)al)lc‘ suggestion that they are polyallelic. He 
also classifies as follows the forms of hrachydactyiy occurring in one 
finger only: 

1. Ifi-achydactyly Y, short little finger, due to brachymesodactyly (short 
middle phalanx). In some families the finger also shows clinodactyly. 

2. Brachydactyly II (short index finger, brachymevSophalangy of the 
Mohr and Wriedt type). In some families brachyhyi)ophalangy of the 
index fingers is also present, with much variability, and the homozygote 
is a severe malformation. 

3. Brachydactyly IF and V (no pedigrees). 

4. I 3 rachydactyly I (short thuniF^). Very frequent and very varialile. 
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5. Brachymetapody (one or more vsliort metacarpals or metatarsals). 
Stiles’ (1939) pedigree shows five cavses of short metacarpal IV in two 
generations. This condition is sporadic, variable and often coml)ined 
with brachyphalangy. 


Polydactyly 

Polydactyly is a part of the general [)henomenon of rednplication 
of parts. Examples range from complete reduplication of a liml) or 
part of a limb to doulding of a single phalanx of the little toe. The 
significance and relationships of the various forms and degrees of 
Polydactyly are, however, not yet clear. Polydactylism is found not 
only in man and monkc^ys Init in horses (a. reversion), cattle, dogs, 
cats, guinea pigs, fowls and other animals. 

In hexadactyly, which is the usual form, the extra finger may In' 
nn the ulnar or postaxial side of th(‘ hand, i.e., an extra little lingia*. 
Praeaxial or radial hexadaxTyly, duplication of the thiiml), is, accord- 
ing to Mu 11 (M‘, more frequent and c'ases have already been mentioned 
of its combination with triphalangy of the thiiml). Radial and ulnar 
polydactyly may occur together in the same family. They are i)rob- 
ably controlled by separate genes, which are perhaps allelic. Both 
pn‘- and post-axial polydactyly at)pear in several main types: (1) Most 
common; the extra digit is a small attachment not adhenmt to the 
skeleton and often without l)ones or cartilage, musc'les or tendons. 

(2) I"he extra digit is often more or less like an ordinary finger or toe, 
('ontaining 1)ones and connected with the skeleton of the fing(‘r. 

(3) Very seldom the extra xligit is complete and may ev(‘n have its 
own metacarpal or metatarsal bone. All possible intergrades occur 
l)etween these forms. 

Polydactyly was known in classical times. Pliny refers to a Roman poet 
named A'olcatius with six fingers on each hand, who received the surname 
Sedigitus. He also states that two daughters of a Roman noble had eacii 
six fingers and they took the name vSedigitae, vSirnilarly h'laccus referred 
to pendulous ears, and there are numerous other descriptive nicknames in 
the classical writers. vStill earlier, the giant of (kith (II .Samuel XXI: 20) 
had six fingers and toes, at a time altriliuted to TO19 n.c. Bell (1930) cites 
other early references. Morand (1773) gives practically all the information 
availal)le on the subject up to his time, (rruber (1870) found in the literature 
127 cases of hexadactyly in 13 or 14 families. In 52 of these the thumb or 
l)ig toe was doubled, in 75 the little finger or toe, and in no case were other 
fingers duplicated. In a pair of female twins (apparently identical), one had 
6 lingers, the other 6 fingers and 6 toes. In modern times the family of the 
Sultan of Pontianak (Borneo) was hexadactylous and regarded the condition 
as a mark of royal distinction! According to Daisy Bates (1939), in the 
l86o’s a group of Australian aborigines existed with six fingers and six toes 
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in the region between luicla and Lake Eyre, d'hey had come from the 
Peterman n Ranges, were seen by Helms and have since intermarried with 
pentadactyls and become extinct. She also “often encountered “ left-handed 
groups and believed the condition inherited. 

An early hexadtictylous family is described by Carlisle (1814). 
Zerah ("olburn, the son of Abiah Colburn, born in Vermont, was 
brought to London on account of his '‘extraordinary powers in arith- 
metical computation from memory.” H(' had a supernumerary little 




Fig. 14'/. Pedigree of (loniiiiaiit hexadact\'ly. (After Carlisle) 


finger on each hand, and an extra little toe on each foot. The cxxtra 
digits were all perfectly formed, with nails and three phakinges. dlic* 
father also was hexadactylous, having five metacarpal bones, but six 
metatarstils. The pedigree of this family through four generations is 
given in Fig. 147. Beside each is given (above) the number of fingers 
and (below) the numlxa* of toes. The inheritance is vStrictly dominant, 
with occasional failure of one hand or foot to exhibit the abnormality. 
If the original family of eleven children were all hexadaetylous the 
mother must have been homozygous. This vseems improbable. 



Fig. 148. Irregular dominant pedigree of hcxadactyly. (After 
Sedgwick) 
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In another hexadactylous family (Sedgwick, 1863, p. 188) an extra finger 
with two phalanges and a nail was attached to the base of the first phalanx 
of each little finger. The condition was followed through four generations. 
There was some variation in its expression, and it skipped two generations 
l)oth in the male and the female line (see h^ig. 148). 

(dement Lucas (1880) compiled from Suffolk a family of polydactyly 
(Fig. 149), here thrown into modern pedigree form, with some remark- 
able features. Extra little toes occurred more frequently than extra 



little fingers, and two brothers had seven toes. There were 26 cases 
(12 cf 8 9 6 sex unknown) in six geiKU'ations, inheritance strictly domi- 
nant, sibships 23 affected : 33 normal. Syndactyly was also frequent, 
in some cases between! all th(‘ toes; there^ we re also twai cases of haredij), 
one of them having also cUd't palate. It would be a boon if all modern 
pedigrees were collected with equal cane 

Polydactyly in the feet is apparently due in some cases to an extra digit 
interpolated between digits IV and V. The more complete the polydactyly, 
the greater is the tendency to syndactyly. Hence they are frequently re- 
garded not as separate characters but as expressions of one factor. The 
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presence of sevsamoid hones in these hands (as is frecpient in embryo hands) 
indicates that the processes of abvSorption are below normal. Since the 
webbing also indicates a failure of absorption, syndactyly may be regarded 
as a failure to complete development. In the human foetus the toes are 
webbed at forty to fifty days and this is more extended between digits II 
and III than elsewhere. At sixty days only a slight webbing remains at the 
l)ase of the toes. 

Ballowitz (1904) collected many data concerning hyperdactyly, 
with several pedigrees of dominant polydactyly, but without recogniz- 
ing the Alendelian explanation. Records of extra fingers and toes are 
known in many races and no doul)t they occur in all, perhaps with 
varying frequency. The slightest dc^gree, doubling of a terminal 
phedanx, is most frequent. The outsi<^le digits, little finger and thuml), 
most commonly show duplication. Doubling of other digits is miu'h 
more rare, bec'oming still more so as the number of digits increases. 
Thus th(‘ presence of ten digits on one hand or foot is extremely rare 
in museums, while cases of seven are relativcdy often dc'seribed. Poly- 
dactyly is often ('ombined with other abnormalities, but hcxetdactyly 
and heptadactyly freciuently occur in otherwise normal individuals. 

Polydactyly is still endemic in certain localities. De Linares (1930) visited 
a village near Madrid with a population of 150 in which every pervson was 
said to be polydactylous. The mayor had hands “like a cral)’s pinchers.” 
Some had seven perfect fingers, (jenerally the thuml) was duplicated. One 
person had twenty-two, another twenty-six digits. The visitor sav^' o\er a 
hundred persons, all having six fingers on each hand, l)ut there was an 
occavsional hand with only five fingers. Boinet (1898) says it is reported that 
in the Foldi family of the Areib tribe of Ilyabites hexadactyly is so general 
that any child born with five fingers is regarded as “adulterin” and imme- 
diately sacrificed. Liicker (1924) recorded a secluded (ierman village with 
frequent consanguinity and endemic polydactylism and harelip. Ballowitz 
(1904) quoted from the French literature (1863) the cUvSe of an isolated 
village in the Departement d’Isere in which, through inlireeding, nearly all 
the inhabitants were said to have six fingers and toes. Later, owing to in- 
creased communications, marriages with normals took place and the poly- 
dactyly is said to have disappeared. This would not happen in the case of a 
dominant character, and Odiorne (1943) has pointed out that the story of 
this village is false. In brachydactyly, on the contrary, exogamy always 
takes plcice, yet there is no weakening in the expression of the charac'ter. 
The disappearance of such endemic chaiauUers requires much fuller analysis. 

Atwood and Pond (1917) described a family with dominant inher- 
itance of radial hexadactyly, nine cases in three generations. The 
thumbs and great toes were generally doubled. This condition was 
unilateral or incomplete in some individuals and in two cases there 
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were no extrei digits but the thumbs had three jdiaLinges. Brandi'is 
(1915) described a family (Fig. 150) with 12 cases (sd" 7 9) of ulnar 
Polydactyly in four generations. There are several cases of failure' 
of penetrance. Cases III. 4, 5 were both normal, but cousins. Their 
two children were both polydactylous, so the gene behaved here essen- 
tially as a recessive. Tliese two children both had six finge'rs and toes 
bilaterally, but were perhaps heterozygous. The extra toe was attac'hcxl 



Fig. 750. Irregular clonunant pedigree of ulnar hexadaetyU'. (After Brandeis) 

to the fifth metatarsal. Brandeis quotes the family of Struthers (1863) 
with nine cases in five generations, and Imc'kenht'im (4888) with 
twenty-three cases in four geiu'rations. Sinha (1918) recorded a 
Bengal family with double thumb. There were only three cases in 
three generations, the sibships numl)ering 2 affected : 21 normal. 
This probably means extremely low laenetrancx' of the dominant gentv 
Milles (1928) published a number of pedigrees of polydactyly and 
other abnormalities In one family with 13 cases (pc? 49) in three 
generations, a small fleshy mass with remnant of a nail is attac'hc'd 
at the base of the little finger or toe, and the end of the metacarpal or 
metatarsal bone was enlarged to receive it. The inheritance was strictly 
dominant. Another pedigree showed twelve' cases in three generations. 
Orel (1928) has a pedigree of doubled thumb, strictly d(7minant, with 
18 cases (11 7 9) in five generations. In another himily in Austria, 

with ninety-three members descended from a pair through five geiic'ni- 
tions, only two polydactyls appeared (extra little fingt'r and toe), one in 
the second and (jne in the fourth generation, so it must be recessive or 
at least of extremely lo^^^ |)enetrance. 

Sysak (1928) im estigated polydactyly in a group of villages in the Ukraine 
where many families are affected. They show irregular dominance, lx)th 
double thumbs and double little fingers sometimes in the same person, pro- 
ducing as many as seven or eight fingers. In 12 small pedigrees there were 
34 affected males to 31 affected females, the sibships numbering 44 affected 
to 19 normals. The large excess of abnormals is probably not all explainable 
by a difference in ascertainment, and there is some indication that the germ 
cell carrying the gene for polydactyly may be stronger than the normal. 
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Bell (1930), besides citing the early literature, has a dominant pedi- 
gree showing 16 cases (6cf 10 9 ) in five generations (7 having also 
syndactyly) of doubling chiefly of the thumb and big toe. In certain 
cases the little finger was also doul)led, so l)oth prae- and post-axial 
duplication were present. The sibships number 15 affected : 7 normal, 
again a large excess of affected. In another pedigree (2) the hands have 
generally an extra little finger, the feet generally an additional little 
toe, and there is no syndactyly. The inheritance is clearly recessive. 
There are only six cases in three generations, the two sets of parents 
were normal, and the sibships 6 affected : t 6 normal. In Cockayne’s 
('ase (4) the i)olydactyly was associated with retinitis pigmentosa and 
hypopituitarism. There were only three affected sibs from normal 
parents, so the genetic n^lations remain unknown. Aschner (1929) 
made an extensive study of skeletal definTs from the literature. A 
l)edigree (after R. FV)tt) of radial deviation and donMing of the end 
phalanx of the thumb with, in some easels, a doubled thuml) nail, shows 
dominant inheritance with Ji cuvses ( 4 cT* 7 9) in three generations. A 
family with polydactyly and syndactyly shows 21 cUvSes 109) 

in four gencu'ations, with one skip. 

Boniievie (191 9) descril)ed a type of |)oslaxial pohxlactyly in man, whic'h 
ivS usually stronger on the right side of the ])ody. The extra finger arises 
from the base of the little finger, the metacarpal ])ones l)eing normal. There 
is miK'h variation in this al)n()rmality, and families showing it are now dei- 
trihuted all over Norway, l)ut they are all probably descended from ihv same 
ancestor al:)out three hundred years ago. 

Sverdrut) (1922) carefully analy/.ed a Norwegian family with domi- 
nant postaxial polydactyl ivSm in six generations, beginning with a 
woman living al)out 1800. An extra little finger or a portion of one 
is present. This is aSvSociated with l)rachydactylisni, apparently due 
to shortening of the metacarpals and metatarsals. .Sometimes it occurs 
in one hand and both feet, or it may be in one hand and one foot, or 
only in the hands. The extra digit varies from a wart-like appendage 
to a complete finger or toe with metacarpal, phalanges and nail. Two 
types of the condition are recognized, with intergradations. A consists 
in the duplication of a digit, usually V. In the R type a small appendage 
is loosely attached to the ulnar border of the hand, and there is no 
shortening of the metacarpals, l)ut people with B type hands have A 
type feet. A type parents can have B type children, but B type parents 
cannot have A type children. All the polydactyls are heterozygous, 
and 12 families from DR X RR matings produced 34 polydactyl : 
23 normal siblings. One line of descent belongs mostly to the A ty])e. 
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another entirely to the B. The B type is produced by a single factor 
and the A type is probably due to an additional modifying factor. 


Fig. 751. Inheritance of rloiihle thumbs witli tliree joints in the Sci|)ion 
family. (After Manoiloff) 

Probably the most remarkable “pedigree” on record for its length 
is that of hexadactyly in the Scipion family (Manoiloff, 1931). The 
last five generations are represented in Fig. 151 and the hands of IV. 7 
are shown in Fig. 152. It will be seen that the thumbs arc duplicated 
and the radiogram shows that they all contain three phalanges. I'he 


Fig. 152. Hands of IV. 7 in Fig. 151. (After Manoiloff) 


feet were similar, one of them having digit II very broad, with two 
nails (Fig. 153), so this foot had essentially seven toes. Case IV. 7 
was an engineer at Batoum and according to the pedigree in the posses- 
sion of the family, this peculiarity had been transmitted in his family 
for about seven hundred years. An ancestor emigrated from Italy 
to Poland with the retinue of the Italian princess who married the king 
of Poland. His descendants continued to live there. Adam Josifovic 
(II. i), born in 1813, was banished to Siberia, where he married a 
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Russian woman. It is stated that until generation IV the hexadactyly 
had been transmitted only in the male line. This would mean inherit- 
ance in the Y-chromosome, but it is unlikely that crossing-over would 
only begin after many generations without it. More likely the condition 
is, as usual, a simple dominant; but on the other hand, the transmission 
of the defect with the surname Scipion for some seven hundred years 
would be more likely if it were only in the male-to-male line of descent. 



PH- ^53' of IV. 7 in Fig. 151. (After Manoiloff) 


The origin of the family is said to have been traced to Scipio Africanus 
(237-183 B.C.) who, ''according to historical data” had likewise six 
fingers and six toes. If these statements can be verified, it would 
follow that hexadactyly had been transmitted in this line for over 
two thousand years and that the name of Scipio had survived through 
some eighty generations. 

Zirkle (1936) cites an observation of Sir Kenelm Digby in 1645. A woman 
in Algiers had two thumbs on her left hand. Her four daughters and the 
eldest daughter's daughter were seen to be in the same condition although 
the sons were normal. The mother's mother and grandmother were stated 
to have the same feature. The condition thus appeared in the females (at 
least eight) of five generations and therefore the family might possibly have 
linked XX chromosomes. But considering the state of observation at that 
time it was probably a case of simple dominance. 

Just cis families can differ greatly in the degree of expression of 
polydactyly, so they can differ in the degree of dominance of the 
character. Kemp and Ravn (1932) describe two pedigrees: one fully 
dominant with forty-one cases in six generations, the other showing 
variable dominance. Nylander (1931) has a pedigree with forty-one 
cases of prae-axial polydactyly in five generations, two to five thumbs 
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on each hand. Menache (1931) has one of three generations in which 
the six affected members all have six fingers on each hand and six 
toes on each foot. Some held two thumbs, some tw^o little fingers, and 
some were also syndactylous. Brody’s (1934) pedigree had in one 
family only a doubled little toe, in another iin I'xtra little finger as well. 
The two families were unitiHl by marriage. Idle fifth metatarsal bone 
took the not uncommon form of a Y with a toe on each branch, d'his 
condition is illustrated from skiagraphs in J. llered. 7 : 322~"332. The 
pedigree is very incompletely recorded, liut it shows direct descent 
in five generations. Jackson’s (1937) [ledigree, with fourteen cases in 
four generations, shows one skip. Either hands or feet or lioth could 
hewe six digits. As one child had a vestigial sixth finger removed, the 
hexadactyly was evidently of the post-axial type. Family tradition 
traces the condition back four generations further to a very strong 
woman with six fingers and toes. 

Rudert (1938) rei'ords a ('ase of doubling of the terminal phalanx 
only of the thumb in two brothers and a sister and its bending toward 
the ulnar side. Idle bending alone is found in ten other memliers of 
the family, tracing back to a common ancestry in the fifth generation. 
This doubling is probably a dominant of very low penetrance, while 
the bending has a higher penetranc'c. 

In the Thuringian forest a boy of twelve and his sister had the same mal- 
formations: very broad, short hands with syndactyly of digits TI-V, the end 
phalanx of IV bent radialwards and of II and III ulnarwards. Both hands 
were alike, the thumbs abnormally broad in the terminal phalanx and nail. 
Toes II~V were also syndactylous, the big toes fully doubled. The l)oy also 
had tower skull and adiposo-genital dystrofihy. All the ancestors and col- 
laterals were normal h)r four generations bac'k. ddie condition could 1)0 
descril)ed as acrocephalopolysyndactyly and was evidently recessive. 

Odiorne (1943) gives a striking pedigree of polydactyly in six families 
all descended through ten generations from a single man born about 
1620 who emigrated to New England. His descendants include ninety 
polydactyls, the present families living in various parts of North 
America. The condition varies in different families or lines of descent 
within this complex. In family 3 it is stric'tly dominant and fully 
expressed, all affected individuals having six digits on each extremity, 
and the affected to unaffected number 2:1, though this may be partly 
due to incomplete ascertainment of the normal individuals. Families i 
and 5 also show complete penetrance, but the ratios are near the 
expected i : i and there is considerable variation in expressivity. In 
families 2 and 4 there are skips (failures of penetrance), the ratio of 
affected to normal is low and there is variable expression. In family 6, 
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some information is lacking and the ratio of affected is low, but the 
expression appears to be uniform although there are certain skips. 
Variation in penetrance and expressivity is generally attributed to 
the presence of inhibiting or modifying genes, but as penetrance is 
an all-or-none reaction it may be environmentally controlled in some 
cases, and so may the expressivity. 

A condition which is closely related to ulnar hexadactyly is the 
formation of small finger-like excrescences in the ulnar part of the 
hand. These are known as pedunculated postminimi (Fig. 154). Streeter 
(1930) has shown that there are many cases of intra-uterine amputa- 
tion. ^‘Sharply circumscribed areas of limb-bud tissue are of such 

inferior quality that only imper- 
fect histogenesis occurs.’’ They 
finally are sloughed off in devel- 
opment and are said to be am- 
putated. They are not due to 
amniotic bands or other agencies 
external to the embryo, as for- 
merly supposed, but are geneti- 
cally determined. He described 
sixteen cases in digits and even 
larger portions of the extremities, 
and concluded that they are gen- 
erally of germinal origin. Cir- 
cumscribed areas of a limb-bud 
may develop to twice the normal 
size owing to growth vigor. At the other extreme a part may be entirely 
absent. Between these extremes are the cases where a part is of nor- 
mal size but abnormal formation. By the fourteenth week the areas of 
imperfect histogenesis are moribund and sloughing away from the nor- 
mal tissues. At birth, only depressions, grooves or healed stumps with 
residual strands may remain visible. These defects occur mainly in the 
mesenchyme and especially the subcutaneous connective tissue. Gun- 
ther (1939) gives short pedigrees of amputation,” showing other ab- 
normalities among the ancestors. He points out that finger rudiments 
present on the stump of a limb show that it has not been amputated. 
True amniotic malformations do occur, but they are extraordinarily 
rare and whether this tendency is inherited is unknown. 

Cummins (1932) has studied fifty-six cases of postminimi, showing 
their close relation to a polydactylous condition. Tn twenty-one 
families some family history could be obtained and fifteen of them 
showed a positive family history. One Negro family had eight cUvSes 



Fig. IS 4- Pedunculated postminimUvS with 
thin pedicle, from female foetus. (After 
Cummins) 
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of pcdunculatc'd postmininii in three generations. M'he grandfath(M‘, 
1 . 2 , had a c{)usin with six fingers and had postniiniini on both hands 
an(i feet. His daughter had them on both feet and scars of amputation 
from both hands, and six of her nine children had them. A second 
Negro family had perhaps eleven cases in three generations, a third 
family had postminimi, polydactyly and syndactyly. Evidently thes(' 
are polydactylous familiers in which the development of the extra finger 
is arrested when the gene has not sufficient strength to carry it through. 
Such a gene is possibly distinct and allelic to the one for ulnar 
hexadactyly. 

There can now be little doubtof the existenceof recessive polydactyly, 
although it is very rare in comparison with the dominant form. It is 
necessary, howevea*, to recognize' in polydactyly and some other condi- 
tions a sliding scale of values, from absolute to variahle dominance with 
such a loiv penetrance that it cannot he distinguished from recessivity. ldu‘ 
distinction is simply that a single dominant gene of low penetrance 
will sometimes produce a [)henotypic effect, while a single recessi^a' 
gene never will. The most convincing case of recessive [oolydactyh’ 
is that of Shevkenek and I'hompson (1933). Figure 155 shows the' 
pedigree of a family of immigrants from Bukovina to Saskatchc'wan, 
in which the little finger is partially duplicated. This is only a minor 
expression of the gene for polydactyly, which may have .something to 
do with its recessive behavior. In polydactyly the rc'cessive is the mild 
form of the gene, whereas in most other abnormalities the recessive 
is the most severe form. Usually in this family only the terminal 
segment of the little finger is duplicated, on one or both hands. There 
is never a complete extra finger, but the condition varies from two 
joints to a mere “wart’' on the ulnar aspecT of the hand. It appears 
that TIL 6 and III. 7 were both heterozygous for the gene, and four 
of their nine children showed the condition. These have married 
persons from widely scattered n'glons, with the result that all their 
eighteen children have normal fingers. If this Avere a dcaninant of low 
penetrance it would not be expected to appear in four cases out of nine. 
On the other hand, the expectation for a recessix^e is only four in 
sixteen. 

An instructive pedigree from this point of viexv is that of Snyder 
(1929). A Negro family in North Carolina (Fig. 156) showes 44 cases 
(18 (T 26 9) in six generations. They are all more or less related and 
living in one locality. The extra little finger is small (Fig. 157) and 
is occasionally reduced to a postminimus hanging by a piece of skin. 
In the pedigree, III. 9-16 with 5 out of 8 affected, is in harmony with 
a simple dominant through three generations. But III. 16 and III. 17, 
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both polydactylous, produced a family of lo children, all affected, 
whereas if it were dominant there should be 3 affected : i normal. 
If the polydactyly in this family were strictly recessive, then I. 3, 



Fig. 757. Extra little finger in hands of a woman 
from Fig. 156. (After Snyder) (From the J. of 
Heredity) 


II. 5, III. 8, 18, 20, 21, IV. I, 2, 8, 16, 19, 20, 21, 22, 26, 28, 32, V. 9, 
21, 39, 40 (i.e., 21 persons) must all have been heterozygous for the 
gene, though normal. Of course this is possible, but it is a simpler 
assumption that the condition is one of variable dominance, requiring 
two doses for its expression in some families Init frequently appearing 
(with low penetrance) when only one dose is present. Snyder is correct 
in assuming that if the abnormality is dominant it must be very imper- 
fectly so. In another pedigree collected in the same community 
(Fig. 158) the condition would now be interpreted as one of dominance 



Ph' ^ 5 ^' Another Negro pedigree of polydactyly, probably dominant 
with low penetrance. (After Snyder) 


with low penetrance, three successive generations being skipped in 
two different lines. The alternative would be that twelve persons in 
this pedigree were carrying a single gene for polydactyly. This would 
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mean that the recessive gene was very widespread in the population. 
The higher the mcidence of a recessive gene, the more difficult it is to 
distinguish from a dominant. Conversely, it is difficult to show that 
a coinmon gene with incomplete dominance is not really recessive. 
Incidentally it may he mentioned that .Snyder blood-grouped the 
members of these families but found no evidence of linkage between 
the loci for blood group and polydactyly, so these genes are presumably 
in different chromosomes. Koehler (1929, 1930) also discussed these 
pedigrees and found them probably dominant. 



IV □ O 

fdg- 150. Pedigree of ])()l\da(:t\'l\ in whites. See text. 
(After Delius and Snyder) 


In a later paper (l)ehus and .Snyder, 1932) four new pedigrees ol 
polydactyly, one in whitt's and thr(‘e in negroes, art' givt ii v\ ith com- 
ments as to whether they are dominant or recessive. Uiifortunclt'ly, 
no details of the nature of the abnormality are given, l)ut jirosumaiily 
they represent ulnar hexadactyly of a relatively mild form. 'Hie first 
three appccar to be dominant, with a total of 17 cf and 12 9 affecttnl, 
sibships 26 affected : 14 normal. The white t>(‘dtgrct' (Fig. 159) ('ould 
be recessive only if I. 2 and II. 8 wen' both heterozygous. The fourth, 
a negro family with only three cases in three generations comprising 
29 persons, appears clearly to be recessive, but if so, one wife must 
have been a carrier. It is not clear that polydactylism is more fre- 
quently rece.ssive in negroes than in whites. Callan (1942) describes 
a Negro family in Texas with 29 cases (TOef’ 14 9 ) in five generations, 
dominant but with three skips. The little finger is usually the extra, 
but in at least one it was the thumb. .Some have extra toes as well. 
Many more pedigrc'es must lx* c'ollected, with rec'ords of anatomical 
detail, before the relative frequency of the various dominant and 
recessive forms of polydactyly will be known. 

In a family of Scandinavian ancestry in which the parents were first 
cousins and the two grandfathers were brothers, appeared three cases of 
polydactyly with eight normal sibs (Oliver, 1940). Each had an extra ctigit 
on each hand and f(X)t at the base of the fifth digit. They were removed by 
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siiri;cry. These three were also feeblenilnded, they were slight hi build and 
lacking in strength. 'Fhe sixty iilood relatives were all normal and it seems 
clear that a single recessive gene is involved. 

lliat polydactyly and syndactyly are often associated heis already 
been noted. McClintic (1935) has a dominant pedigree from Illinois 
with 15 cases (ycT' 8 9) in five generations, sibships 13 polydactyl : 
12 normal. There wen^ usually six digits on each hand and seven on 
each foot. In one case digits IV and V on each hand were webbed 
full length, the sixth digit being attached loosely at the base of the 
little finger; there wore also two big toes (wdth tw^o phalanges) on each 
foot; both feet also showed a reduced extra metatans^il belonging to 
the inner big toe. In one man th(‘ terminal phalanges on eacii thumb 
were doubled, these thumbs showing great stnmgth. In five iiKunbers 
the fingers or toc‘S showod wobbing. There w^as a large mortality among 
affected boys, so that only one reproduced, but there wais no mental 
defect, Idindness nor obesity. 

Sewall Wright (19341 1935) described an instructive case of polydactyly 
in the guinea pig. Normally the Caviidae have four toes on the front and 
three on their hind feet. An atavistic guinea pig appeared with vestiges of 
little toes, an extra left l)ig toe, and vestigial ‘'thumbs ” on the fore feet. The 
mutation was semi-dominant. In crosses, 54 per cent had the thumb and 
little toe (on one or l)Oth sides), 20 per cent had thumbs only, 8 per cent had 
little toes only and 18 per cent were normal. When this stock was crossed 
to another which had little toes due to miiltii)le factors, practically all the 
offs[)ring had both thuml)s and little toes. The heterozygotes were sliglitly 
heavier than normal, but the homozygotes generally died in utero at I0“i5 
mm. length, but occasionally survived to l)irth. They had short legs, paddle- 
like feet of double width with seven to twelve digits, a l)ulging forehead 
with occasional cerel)ral hernia. They were all microphthalmic and several 
had nasal clefts. Thus the gene which produced atavistic digits in the vigor- 
ous heterozygous pentadactyl condition is a lethal monster in the liomozy- 
goLis condition. 

A polydactyloiis strain of mice (Af. miisculiis) was described l)y 
Fortuyu (1939). They were highly inl)rcd and showaxl polydactyly 
in 12 per cent of the males and 18 |)er cent (jf the females. This was 
the only abnormality. Polydactyls have an excess number of motor 
neurons enervating the foot, and in the spinal cord on the abnormal 
side. Generally only digit I of the right hind foot is more or less dupli- 
cated, but the left foot and other toes may be affected. Abnormal 
fathers transmit more often to their daughters than to their sons, but 
there is no genetic explanation of this. 

Polydactyly in fowls is due to splitting of the first toe. It is frequentiv 
unilateral. Baumann and Landauer (1943) show^ that in such cases the motor 
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cells in certain trac'ts of the anterior horn of the spinal cord are increased in 
nunil)er on the side of the extra toe. Siurkie (1943) shows th^it polydactyh' 
can be sup[)ressed in heterozyj^ous chick eml)ryos by a temperature only 
T.5° C' below norniid. llutt and Mueller (1943) find that it is also frequently 
suppressed in heterozygotes by inhibiting genes, and that polydactyly is 
linked with multiple spurs and duplex coml). 

Syndactyly can oc'cur in any degree, from cutaneous webbing to 
synostosis of the phalanges. Idle iiiinie of the gibbon, Syniphalangus 
syndactylus, stressc^s its syndactyly. 'Phe webbing connects digits II 
and III. Webbing also occurs in the related genus Hylobates and in 
various marsupials and some other mammals (see vStraus, 1926). The 
corn^sponding tcaidons are united for some distance. Schultz (1934) 
points out some twenty anatomical differences between the mountain 
gorilla ((/. bermgei^) and the lowland species, G, gorilla, including .syn- 
dactyly ot the four toes in the lormer species. The anatomical signifi- 
Ccinee of the veirious forms of syndactyly need not be further con- 
sidered here, but it may be pointexl out that webbing between all the 
toes is an early embryological condition in all the IVimates. It persists 
longer between the second and third digits and is normally rresent in 
many adult marsu{)ials, lemurs, some Old World monkeys and some 
gibbons. 

Smith and Norwell (1894) described a Itoy of fifteen with digits III 
and IV of the right hand webbed to the tip, the nails joined, but with 
a terminal notch between them. The left was similar with rninor 
differences. The feet had six toes, II and III being webbed in each 
foot nearly to the first joint, V and VI welibed up to the nail, the great 
toe very large and the fifth and sixth toc^s rotated downward (hammer- 
toe) so the nail was in contact with the ground, causing severe pain 
in walking. The father showed exactly the same condition, except 
that the big toes were abnormally small and there was no difficulty 
in walking. The pedigree of this family with l)oth hands and feet 
affected included 21 cases (iid' 10 9) in five generations. The condi- 
tion wxts dominant w ith two skips, the siliships 20 affected : 6 normal. 

Kemp and Ravn’s family (1932) with 44 cases (26 cf 189) in six 
generations (silxships 43 affected : 44 normal) showed polydactyly 
and syndactyly with synostosis between the fourth and fifth meta- 
carpals and a characteristic dislocation of the little finger. Syndactyly 
was present in twenty-nine, generally between the third and fourth 
fingers, but with variations in wvdibing and synostosis. Dislocation of 
the fifth finger was present in seventeen cases, and in eight cases poly- 
dactyly of the second digit, involving the two terminal phalanges or 
all three, wath two nails present. Pdv(‘ others showed brachyphalangy 
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of digit IT. A similar triad of conditions was found in the toes. The 
malformations were generally symmetrical in lx)th hands or feet and 
there was a characteristic delay in ossification of the hand bones. All 
these conditions must have been determined by a single gene, which 
was strictly dominant except for three skips. Proliably many such 
mutations exist, having somewhat overlapping effects. There are 
probably a numlier of genes for syndactyly alone, producing slightly 
different effects as regards the degree or location of webbing or synos- 
tosis on fingers (3r toes. The inherited mutations affecting different 
parts of the skeleton of the hands and feet appear to be almost 
innumerable. 

Webbing is most frequent between toes If and III. Weidenreich 
(1923) suggested the term zygodactyly for this condition, reser\ing 
the term syndactyly for cases of partial fusion or of synostosis (fusion 
of the bones). Hurlin (1920) described this condition in an old N('w 
England family, dominant, with five cavSe^s in three generations. Easier 
(1926) examined 476 boys and 652 girls in Tiiliingen and found 9 per 
cent of boys and 6.6 per cent of the girls with wtTibing between toes TI 
and TIL ITe distinguished between zyg. cutanea, when the toes are 
in actual contai't, and zyg. mernbranacea when a wc^b joins them. 
This web may lie present in three degrees: (i) extending to the tip of 
the toes, (2) extending half way, (3) liarely perceptible at the bas(‘. 
This frequency is much higher than that found (see .Schultz, 1922) in 
the American army. Only eight cases, always between toes II and 
III , were found among 20,000 men. This proliably included only the 
more marked cases. 

I.eGros Clark (1916) described a form of syndactyly which has some 
features of ‘'split hand.” Both hands of a girl of twenty lacked digits 1,11 
and III, and digits IV and V were fused. The metacarpals IV and V were 
normal, but a metacarpal bone was lying crosswise between the heads of 
metacarpals III and IV. Her father and two brothers were in the same 
condition — “ hypodaetyly combined with syndactyly. 

Manson (1915, 1928) described a large family in which syndactyly 
and polydactyly appear together. It origintited with one William 
Joseph, born in Aberystwyth about the beginning of the nineteenth 
century. He had webbing of the third and fourth fingers of both hands, 
and six toes on each foot, and was probably homozygous for this condi- 
tion, since all his nine children had it (Fig. t6o). There were 27 affected 
descendants (14 13 9) to 21 normal sibs. Three of them had the 

abnormality complete in all limbs. Skiagraphs show that while there 
is considerable variation, the fourth digit of the hands and feet is 
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consistently affected by partial or complete reduplication, ihis Is 
an extremely rare condition. Nicvergclt (1944b) records a Swiss family 
having a similar condition, with 9 cases (2 cf 7 9 ) in three generations, 



^ = Still-Born 

Fig. 160. Pedigree of dominant syndactyly and pol>'dactyl\’. (After Manson) 


no skip. The hands showed a marked tendency towards duplication 
(d' digit IV, its basal phalanx being broad or double, in one h.:u)rl with a 
Y-shaped metacarpal. There was also syndactyly as well as brachy-, 
campto- and clinodactyly in some fingers and an occasional partially 
or completely missing terminal phalanx (apical dystrophid- 

Schofield (1922) described a case of webbed toes which occurred 
in fourteen male members of a family in four generations (big. 161). 



Fig. 161. Holandric inheritance of webbed 
toes. (After Schofield) 


The web appears only between digits II and III, and is eonfined to 
the skin and flesh. It is always more marked in the right foot than 
the left, and is confined to the males, Ixdng transmitted only from 
father to son. It thus follows the course of the Y-chromosome. This 
has been generally accepted as a case of Y-linked inheritance, but 
some little doubt n*mains bweause of pedigrees in which only a few 



ABNORMALITIES OF THE LIMBS 


females have the character, but they do not transmit. Schultz (1922) 
cites Sommer’s pedigree (Fig. 162) of webbing between II and III 
only in the right foot, 18 cases (12 cf 69) in five generations. 'Fhe 



1= Unknown number of sons, all normal 
2 = Unknown number of sons, all webbed 

Fig. 162. Pedigree of zygodactyb' of right foot. (After Sommer) 

ratio of affected males to females is 2 : 1. This pedigree also indicates 
vSome sex-linkage, and it might be supposed that females do not trans- 
mit; but Wolflf’s (1921) pedigree (Fig. 163) of syndactyly, with 16 cases 



Fig. i6j. Pedigree of syndact\ l>’ of certain tingers and toes. (After Wolff) 

(11 59) in three generations, which maintains the 2 : i ratio, shows 

transmission from a mother to her son. In this family, toes II and 
III on both feet were webbed nearly to the tip and the fingers, espe- 
cially III and IV, were also webbed. UXO 

riiis gene is probably an eillele of that in I 

Schofield’s and Sommer’s families. If so, 

they must all be inherited in the same 1 X L X ' ^ 

way, i.e., as a dominant, with twice as ■■■■ 
many males as tcmaics ancctea. in Fantham) 

Fantham’s (1924) pedigree of a family 

of .Scottish descent in South Africa (Fig. 164), the descent through 
males for two generations is followed by a family of thirteen, all 
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syndactyloLis — a difficult circumstcince to explain, for the father 
could not have been homozygous. 

These and other pedigrees are compiled in Table 13. Plummer (1937) 
described an Irish family in South Dakota with webbing of the feet 
only, extending almost to the tips of aU the toes. There were five cases 
(30^ 2 9) in four generations (Fig. 165). It is probably a sex-linked 
dominant of low penetrance, as it passes from father to daughter and 
from the daughter to half her sons, 1)ut all the daughters should have 
it whereas twf) ( 11 . 7 and IV. 5) do not. Lobster claw appears to be 

I 

II 

III 

IV 

Fig. i6s> Pedigree of webbed toes, probably sex-linked dominant of low 

penetrance. (After Plummer) 

an extreme form of syndactyly (i.e., coml^ined with ectrodactyly), 
but is probably geneticailly distinct and allelic. Cook (1935) described 
a Spanish family in which the mother and four of seven children were 
affected in hands or hands and feet. The mother held four fingers on 
each hand. vShe had seven normal sibs and may have been a mutation. 

The genetics of syndactyly offers a problem of great interest. To 
solve it, the different genic types of syndactyly must be carefully 
distinguished. Probably thc' most fn^quent is the mild form, webbing 
of toes II and 111 . This is about twice as frequent in males as in 
females. In Newsholme’s (1910) pedigree (Table 13), however, the 
sexes are equally affected and fingers III and TV may occasionally be 
webbed. In Table 13, the available pedigrees of syndactyly and related 
conditions have been analyzed, showing the number of affected and 
normal of each sex in the sibships. 

In Schofield’s (1922) pedigree the wcTbing is always longer on the 
right foot. It has often been cited as a case of inheritance in the 
Y-chromosome, since the fourteen syndactyls are all males. In com- 
parison with the other pedigrees showing webbing of toes IT and III, 
however, it appears that it may be only an extreme case. In News- 
holme’s pedigree there is a slight excess of affected females, but the 
eight pedigrees showing this type of syndactyly give a total of 
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TABLE 13 


PEDIGREES OF SYNDACTYLY ANALYZED 


Sibships 



Pedi 

^rees t 

7/ Syndactyly 

Character 




m 

□ 

• 

0 


(^fitzner 

1898 


9 

2 

5 

2 

SvndactxK' with polvdact\ 1 \’ 

Nevvsholnie 

1910 


10 

2 

12 

0 

Toes 11 cSl HI (hngers HI X IV 








in one male) 

Soiiiiiier 

1916 


ir T 

3 

f 6 

I 

Not stated 

Hurl ill 

1920 


5 

1 

I 

2 

Toes H cV HI 

Wolff 

1921 


1 1 

3 

5 

1 1 

Toes H & III (fingers III N 1 \’) 

Schofielci 

1922 


>4 

0 

0 

1 1 

Toes H & HI 

Wile 

1922 


2 

i 

3 

2 

Toes H & 1 1 1 

Castle 

1923 


0 

4 

4 

3 

Not stated 

Fa nt ha in 

1924 


9 

0 

4 

0 

Toes H & HI 

Murph\' 

>925 


7 

1 1 

7 

4 

Frequently all fingers Sl toes 

St rails 

1926 

1 

5 

0 

1 

0 




2 

2 

3 

3 

1 




3 

1 


0 

— 

Mutation 



4 

1 

0 

0 

3 

RccevSsive 



5 

I 

I 

1 

0 


'rhornsen - 

1927 

1 

28 

6 

1 1 

15 

S>ndactyly & polydactyly 



H 

5 

7 

10 

3 

Syndactyh' pol>’dact> ly 



HI 

1 1 

() 

3 

8 

Syndact\h tSi polydactyly 

Bell 

1931 

1 

4 

7 

4 

6 

Syndactyly & brach>'phalang> 




7 

7 

9 

5 

Syndactyly 



3 

2 

2 

2 

3 

Syndactyly & brach\ phalangA 

Dell us & Snyder 1932 


4 

7 

4 

5 

Syndactyly with hexadactyh' 

Heston 

1932 

A 

7 

3 

4 

5 

Toes JI and III 



B 

7 

5 

I 

9 

Toes II and HI 

Scot t 

1933 


1 2 

‘9 

5 

12 

“Lobster-claw" type 

St roer 

1935 


7 

17 

10 

1 

Syndactyly & polydactyly 

Wight man 

1937 


8 

9 

7 

9 

“ Lobster claw ” 

Schade 

1937 

I 

4 

3 

4 

4 

Syndactyly 8 c poIydactN ly 



H 

2 

I 

6 

2 

Syndactwly polydactyly 

Stiles & Weber 

1938 


3 

1 

12 

I 

Symphalangism 

Bailey 

1933 


8 

9 

6 


“ Lobster-claw " type 




219 

140 


133 


65 affected 

males : 

30 

affected ft 

unales, 

. a 2 

: I ratio in harmony with 


most of these pedigrees taken individually. The sex-ratio is not dis- 
torted, as the total males and females number 8o : 73. Hence one 
might conclude that a single dominant gene is responsible for webbing 
between toes II and III (and occasionally between fingers III and IV 
as well) but that for some unknown reason it generally expresses itself 
twice as frequently in males as females. 

Murphy’s pedigree, in which the webbing of fingers and toes is 
general, no doubt represents a different gene which is apparently a 
simple dominant. The family were of low mentality, living in an 
isolated mountain community. The eight pedigrees of syndactyly 
with polydactyly, presumably representing a third gene, give totals 
of 70^ : 490^ : 53 f : 40 9 , i.e., a large excess of affected over normal 
males and a smaller excess of affected over normal females. The eight 
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pwiigrcrs showing syndactyly of tf>es TI and flT gixx* totals of 15#' : 
h5cr’ : 30 f : 43 9, i.c., the percentage of aff(‘ct(xl is much lower both 
in males and females. "Fhis might be due to lack of ascertainment, as 
the character is often slight. The striking fact also appears that whereas 
in syndactyly with polydactyly 37 per cent of the affected are males, 
in syndactyly of toes II and III 66 per cent are females, notwithstand- 
ing that in Schofield’s case all fourteen were males. It thus appears 
that all these pedigrees might be simple dominemts. In two of the 
cases of '‘lobster claw” there is approximate equality of the four 
categories, suggesting simple dominance. In Scott’s case there is 
again an excess of affected males and also of normal males, so that 
partial linkage with crossing-over between the X- and the Y-chromo- 
some may be taking [dace. Differences of inc idence in the two sexes 
can be understood in a condition like goitrc', which has a physiological 
basis; but it is not eeisy to vSee why a dc^vcdopmental anatomic'al char- 
eicter such as syndac tyly should hnd cx[)ression more easily in one vsex 
than the other. 

In Thomsen’s large pedigree (Fig. 166) there is a large excess of 
affected males (31 : il f) and the sibships give 39 affected : 21 nor- 

mal. In this pedigree, webbing is the main condition and polydactyly 
when present is in connection with the webbed fingers, so one gene 
only appears to be involved. The transmission is from fatlier to son 
in 29 cases, father to daughter in 10, mother to son in 2 cases and 
mother to daughter in i. Thus the father transmitted the gene in 
39 cases and the mother in only 3. This difference must obviously 
be significant. The natural explanation is that the dominant gene 
is in the Y-chromosome, with a rather high rate of crossing-over tc^ 
the X. If that is the case, a similar explanation will apply after all 
to Schofield’s case (Fig. 161), where the gene remained in the Y, with- 
cuit any crossing-over, and, for example, to Wolff’s case (Fig. 163). 
In the latter, II. i transmitted the condition to his four vsons and three 
daughters. If the condition were an autosomal dominant, this would 
be unlikely, since he is presumably heterc^zygous, but if the gene were 
in the Y with crossing-over to the X in scjme of his germ cells this 
might well happen. The transmission from fathers is to nine sons 
and five daughters. It is then possible that the gene for syndactyly 
of toes II and III is an allele of that for .syndactyly with polydactyly, 
both being present in the Y with a considerable frequency of crossing- 
over to the X, 

In Heston’s two pedigrees there are four skips, so the dominance 
is incomplete, but there is the usual excess of affected males. Bell’s 
family t showed syndactyly of IV and V in each hand with bony fusion 
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in the terminal phalanx only, the middle phalanx of the little finger 
being also very short. In family 2 the syndactyly is between fingers 1 1 1 
and IV and toes II and 111 . Family 3 showed a short second phalanx 
in all the fingers with webbing of fingers II, III and IV. The big toes 
were broad and the second phalanges of all the toes were missing 



Fig. 166. Pedigree of polydactyly with syndactyly, proliably in the ^"-chronl(e 
some with crossing-over to the X. (After Thomsen) 


(brachydactyly). One hoy also showed delecTs of ear eind skull. In 
Wightman’s family of lobster claw there is suppression of central 
digits and overgrowth of the marginal ones. In Bailey’s family the 
hands vary from five digits with two webbed to a fusion into two 
groups of digits, two individuals having clubfoot and one having no 
feet. It may have arisen as a mutation. The symphalangism in 
Stiles and Weber’s family consists in the absence of a joint betwemi 
first and second phalanges in all the fingers, so that only the terminal 
phalanx can bend. 

Warkany and Nelson (1941) have shown that when rats are reared on a 
particular deficienc diet their young show many abnormalities, including 
shortening or absence of tibia, fibula, radius, ulna and bones of hands and 
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feel with vSyndaetyly. There was also shortening of the mandible, fusion of 
ribs, and deformities of sternum, maxilla, clavicle and scapula. All thcvse 
defects resulted from absence of one or more chemical substances from the 
food. Recent studies of Warkany and Schraffenberger (1944) indicate that 
this substance is riboflavin. 

In a study of the iinger'print patterns in cases of syndactyly (( irehe, 
1940), the patterns were found to l)e symmetrical on the fused hngxu's 
or toes. The symmetry was generally determined by triradius forma- 
tion on the side of the finger opposite the line of fusion, the firsed 
fingers showing nearly mirror-image patterns. He believes that in 
cases of endogenous (inherited) syndactyly these symmetrical patterns 
are formed, while ('ases of exogenous origin can be distinguishc'd because 
they show irregular changes in the whole pattern. Finger-print pattern 
apparently begins before the third month. 

In 1587 Ruefif described a case of the doubling of both hands and 
both feet. This condition has been very rare in the subsequent litera- 
ture. Buettner (1938) described a girl whose left arm contained two 
ulnas and no radius. The hand had seven fingers, the order of the 
digits being 5, 4, 3, 2, 3, 4, 5, the middle finger being shcvrlest and no 
thumbs [)resent. This is diplocheiry or mirror-image doulfling of the 
ulnar region of the hand. The mother had congenital luxation of 
the head of the radius in the right arm, the hand being binaii and the 
finger muscles atrophic. 'Fhe distal end of the humerus was malforniKxl 
in mother and child. These conditions were evidently gerictically 
determined. 

In Madelung s deformity the lower end of the ulna is prominent, 
there is bowing of the forearms and the hands are displaced ventrally. 
The main defect is dyschondroplasia of the lower radial epiphysis, 
the symptoms beginning at adolescence. .Sloane (1943) describes the 
c'ondition bilateral in two colored sisters. The survey of Anton, Reitz 
and Spiegel (1938) found 17 1 rec'orded cases, 75 per cent of them bilat- 
eral, the sex ratio about 4 ? : l cf . The mamicir of inheritance is not 
yet clear. 

Hawkc's (1914) has comparcxl different types of human foot as 
regards the relatwe lengths of the first and second digits. From an exami- 
nation of the feet of 2300 persons, chiefly children, he finds the 
type of foot, with the great toe longest and the other toes sloping 
back in an oblique line, the commonest. The ''vS’' type, in which the 
second toe is longer than the great toe, is much less common. Not 
very rarely one foot will be of the L type, and one of the S type. This 
is in heterozygotes, but some persons with both feet L are heterozygous. 
The ‘TT’ type, in which digits I and II arc of equal length, is very 
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unusual. The L type of foot shows irregular dominance over the 
S type in inheritance, but the vS type occurs more commonly in females 
than in males, and is commonest in the foetal stage. The male hetero- 
zygote tends to be L, and the female to be S, in foot pattern. Occa- 
sionally digit III is longer than digit II, and this condition was also 
found to be hereditary. 

Clubbed Fingers and Toes 

Hippocrates described clubbing of the fingers (Fig. 167) and toes as 
a clinical manifestation of intrathoracic disease. It has long been 
known to be associated with pulmonary or cardiac lesions, but may 
also occur as an inherited condition without other symptoms. Parkes- 
Weber (1919) described it in a man, his twin sons and a daughter; 
also in a man and his four sons 
and daughter. Kayne (1933) 
found drumstick fingers and a 
slight clubbing of the toes in a 
family born in Cyprus, the father 
and two sons being affected, two 
brothers and four sisters unaf- 
fected. The condition is some- 
times called Hippocratic nails, 

Ebstein (1919, 1927) recorded 
two pedigrees: (i) a man and 
three sons, one of whom had a 
normal son who transmitted the 
condition to two of his sons; 

(2) three affected sons and three 
normal daughters. One of the 
sons had two sons (one affected). The latter had one affected son and 
one normal daughter. The condition is therefore an irregular domi- 
nant, much more frequent in the males. Ebstein (1919) also recorded 
three cases of anonychia of the thumbs in a family, and another family 
with pollex bifidus, 

Witherspoon (1936) cites many cases of clubbed fingers from the 
literature. X rays show spatulation of the bone in the terminal pha- 
langes. The condition may be congenital or may appear gradually or 
quickly at a later date. An excessive volume of blood in the body has 
been suggested as a cause. In one family (six cases) the father and all 
the male offspring were affected, the four females normal. Neurath 
(1932) described four families in which clubbing of fingers and toes 
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was inherited as a simple dominant. In a Hungarian family a man, 
his four children, his brother and paternal grandfather were affected. 

Horsfall (1936) reported 20 cases (iicT 9 9) of congenital familial 
clubbing of the fingers and toes in three families, including four genera- 
tions in one family. The thumbs were always affected but some of 
the fingers might be unaffected. The condition is not rare and is not 
incompatible with a long and healthy life. Seaton (1938) described 
a family in Leeds in which the grandfather, father and two of three 
grandsons were affected. The fingers were like drumsticks, the nails 
livid and curved like an inverted watch-glass. X rays showed no change 
in the bones. In one, the enlargement began at twenty-one, in another 
the fingers had been clubbed as long as he could remember. The toes 
were similarly affected. There are many other familial cases in the 
literature. 

Hammertoe is a distinct inherited condition. In one form the big 
toe may be deflected over the others. Gutmann (1925) gives a pedigree 
of unilateral hammertoe with 7 cases (3 c? 4 9 ) in four generations, 
dominant with one skip. 


Heber den’s Nodes 

This name is applied to the enlargements of the terminal inter- 
phalangeal joints of the fingers, described by Heberden in 1802, under 
the term digitorum nodi. They are relatively common and it is agreed, 
following Charcot, that they are inherited and due to hypertrophic 
arthritis (Fig. 168). Duckworth (1889) described a family with 
Heberden’s nodes in four generations, affecting mostly the female line 
but involving three brothers and a sister in one generation. There 
was no gout in the family. The nodes were formerly regarded as con- 
nected with gout. These nodes may occur idiopathically (inherited) 
or as a result of trauma. If only certain fingers are involved, the condi- 
tion is probably of traumatic origin, but it often appears only a year 
or more after a finger injury. If many fingers are involved it is likely 
to be of the inherited type. Stecher (1940) has made an extended 
study of the condition, having examined nearly seven thousand adults 
in Cleveland and analyzed the incidence according to race, sex, age 
and occupation. Both the traumatic and inherited types tend to 
increase with age. The incidence of traumatic nodes is higher in men 
than women, in workmen than physicians, in white working people 
than Negroes. 

Idiopathic nodes have a low incidence before sixty, then increase very 
rapidly in white women, much more slowly in men. The lower incidence in 
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Negroes appears to be a racial difference. Three degrees of the condition are 
recognized, in which the joint is, (i) enlarged, (2) enlarged and flexed, 
(3) enlarged, flexed and deviated. Several fingers are generally involved, 
but not the thumbs. Steelier published a number of pedigrees, but these 
were extreme cases selected because they demonstrated multiple cases in 
one family. In only three families could transmission be through the father. 



Fig, 168. Heberden’s nodes. (Photograph from Dr. R. M. Stecher) 

In one case the father’s mother was affected; in two cases the paternal aunt. 
In an analysis of 68 families, 67 mothers were affected, but only 33 of the 
129 sisters. BecaUvSe of the late onset the numbers are difficult to evaluate. 
Three-quarters of the cases had their onset by fifty-three, and seven-eighths 
by fifty-nine years of age. 

Three families are given in pedigree form (Stecher, 1941): (i) a 
mother and four daughters affected, three sons and a daughter normal; 
(2) parents normal, seven daughters affected, two sons and one daugh- 
ter unaffected; (3) father’s sister, four daughters and one son affected, 
one daughter (aged thirty-eight) unaffected. There is probably a 
single gene involved. Stecher and Hersh^ find that the gene is domi- 
nant in females and recessive in males. In the general population, 
2.7 per cent are homozygous for this gene, 27.2 per cent heterozygous. 
The mothers of affected persons are affected twice as frequently and 
the sisters three times as frequently as the general population. The 
old belief that these enlargements resulted from hard work or from 
‘‘having the hands in water” is fallacious. They occur in leisured 
women as well as scrub women. 

In a further paper, Stecher and Hersh (1944) have analyzed the 
1 Records Genet. Soc. Amer. 1943, No. 12, p. 55. 
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inheritance of Heberden’s nodes in 74 families. They find the idiopathic 
form not only ten times as frequent in women as men (30 per cent of 
women and 3 per cent of men affected), but that the autosomal gene, 
D, is dominant in females and recessive in males. It thus resembles 
baldness genetically, except that the latter is recessive in females and 
dominant in males. It is to be hoped that many similar studies of gene 
frequencies will be made. 

Bilateral congenital fusion of the capitate and hamate bones in the 
wrist is a rare condition reported by White (1944). Apparently no 
case was recorded before 1932. Mahaffy (1945) records a rare case 
of bilateral fusion of the calcaneum and cuboid in a man. He found only 
two previous cases on record. He also found two cases of talonavicular 
synostosis reported. Such cases are probably all inherited as irregular 
dominants. Henry (1945) records a case of fusion of the scaphoid 
(navicular) and greater multangular (trapezium) bones in a soldier. 
He cites other cases of bilateral fusion of carpal bones from the litera- 
ture and suggests that such fusions occur between bones which ossify 
at the same period. 

Pryor (1907) studied the order of ossification of the eight carpal bones 
in 10 families of children, based on 360 skiagraphs of children generally 
under seven years of age. The order was symmetrical in both hands 
but varied in different families. He concluded that differences in order 
of ossification were inherited. In a later study (1939), he applied the 
method to multiple births. He confirmed that the Kerner triplets 
were MZ by showing the same order of ossification of the carpal bones. 
In the Schense quadruplets the ossification order tends to confirm 
that they are 2 + i -|- i, i.e., derived from three egg cells. In the 
Morlok quadruplets, all eight hands show the same sequence and there 
is an extra epiphysis at the end of the second metacarpal in all eight 
hands. The conclusion is clear that variations in the sequence of 
carpal ossification are genetically determined. Pryor (1936) found that 
six years and one month was the best age for determining the order 
of carpal ossification. The gene complex determines the entire pattern 
in which the carpal bones are laid down, first in cartilage and then in 
bone. X rays of these bones in the Perricone male quadruplets confirms 
that they are a four-egg set although all of the same sex. This condi- 
tion must be extremely rare. In A there were four centres of ossifica- 
tion in each hand and the metacarpals and phalanges were much shorter 
thin in the other three. B at the same age had four ossification centres 
fii. the right hand and five in the left and they were in a different 
sequence. C had only three centres in each carpus, and D bad six in 
the right and seven in the left. 
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Veit (1939) described a malformation involving both hands and 
arms. The arms were short, their stumps bearing three small fingers, 
in a woman and her granddaughter, the father having epilepsy, 
debility, and left pes equinovarus (clubfoot). The daughter and two of 
her daughters by a normal man had asymmetrical malformations of 
both hands, anomalies in the position of radius and ulna, stiff elbow 
joints, deformed wrist, no thumbs, and psychic debility. Several 
members of the family had oligtxlactyly, thumbs with three phalanges 
and other defects. Four families with similar conditions have been 
previously described. Stiles and Dougan (1940) describe a family 
descended from a man who had crooked little fingers, wrists slightly 
bent and radio-ulnar synostosis. In the two succeeding generations, 
twelve of twenty-six descendants showed malformations, some of the 
fingers, some of fingers and wrists, some of fingers, wrists, arms and 
shoulders. The extreme condition is jin-like short arms with three jingers 
attached., The inheritance is dominant, with one skip. Brown (1943) 
records a single case — probably a mutation — a man with three- 
fingered hands attached just below the elbow, with bilateral anomalies 
of the ribs, clavicles and scapulae. 

Radio-ulnar synostosis is not very rare. It results from imperfect 
separation by mesenchymatous tissue of the cartilaginous axials of 
the forearm. In the Sirenia the radius and ulna are fused at both ends, 
in the Proboscidea they are permanently crossed, in Hyrax they are 
often ankylosed, and in certain Insectivora they are fused distally. 
In some animal groups a mutation producing ankylosis would be 
advantageous and they were probably developed further by natural 
selection. Davenport, Taylor and Nelson (1924) made an extensive 
study of radio-ulnar synostosis, congenital pronation or inability to 
hold the hand with palm upward. In 1912, thirty-eight cases of 
this rare condition were listed and as many more were noted in the 
next twelve years. It is bilateral in about half the cases and is not to 
be ascribed to intra-uterine injury, external repression or inflammatory 
disease producing secondary ankylosis. Davenport et al. described 
fifteen families. The main part of the M. pedigree (Russian Jews from 
Minsk) is given in Fig. 7, p. 14. The 13 cases (12 cf i 9) in three 
generations show clear dominance, the sibships numbering 12 affected : 
13 normal. Every individual was bilaterally affected. The single 
affected female suggests that the defect may be in the Y-chromosome 
with an occasional cross-over to the X . Probably crossing-over occurred 
in certain germ cells of III. 7, since he had a normal son as well as an 
affected daughter. In some other pedigrees there is an excess of affected 
males, but the inheritance is irregularly dominant. In certain families 
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it may be recessive, and there are several single cases with normal 
ancestry. Probably several different biotypes exist, and the condition 
shows considerable variation. Abbott’s (1892) case had 50^29 in 
four generations, with three skips. In some strains the condition is 
mostly or wholly unilateral, and there is an excess of normal females. 
Davenport suggests that in some pedigrees two genes are present, 
AaBb being synostotic while aaBb is not. These seem more likely to 
be cases of lower penetrance. 

Sireniform malformations of the posterior limbs bear some similarity. 
The condition is rare in man. Ask-Upmark (1936) found 166 cases 
described up to 1927. The body is normal but the lower limbs are 
replaced by a structure like a fish-tail with two parts at the end corre- 
sponding to feet, two femurs, one bone only in the part corresponding 
to the lower leg. There are no bones in the ‘Teet,” no muscles below 
the knees, and a single artery. The central factor in the sireniform 
malformation appears to be the abnormal development of the cells 
of the trunk-tail node. Kampmeier (1927), in describing another case, 
found 166 recorded. It occurs in various degrees and is frequently 
associated with anterior abnormalities such as harelip and syndactyly. 
The 52 cases in which sex was determined were 380? 14 9 . The first 
case in any mammal is recorded by Gluecksohn-Schoenheimer and 
Dunn (1945) in mice carrying various alleles of the T (tailless) gene 
(see p. 504) . Five sirens appeared, of at least three different types. The 
posterior internal organs were also missing and there were other abnor- 
malities. The same stocks of mice produced six cases with various 
degrees of otocephaly (aprosopi) and eleven cases in which there were 
large intestinal gaps, probably from hernia with subsequent loss. The 
T locus probably includes a chromosome inversion, and it is possible 
that this condition leads to further defects through chromosome defi- 
ciencies and duplications. Tondury (1944) describes the anatomy of 
three infants of related type in which the posterior end of the body was 
more or less sirenoid. 

Stockard (1936, 1941), from his extensive experiments in crossing dogs, 
concluded that the big breeds such as St. Bernard probably have three 
dominant genes, AMP, which, when all present, paralyze the thigh muscles. 
In crosses between St. Bernards and Great Danes, almost all the Fi and 
about one-third of the F2 had posterior paralysis. If one breed was AMp 
and the other amP, the three genes being in different chromosomes, then 
t;he F® would sho\y 27 paralyzed in 64. In the presence of these three factors 
th6 d^th of certain sympathetic neurones (the motor and preganglionic) 
in the lateral and anterior horns pf the spinal cord in the lumbar region takes 
place eight to fourteen weeks after birth. These genes exert a lethal effect 
on certain nerve cells. Stockard makes the reasonable suggestion that 
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similar mutations in certain coastal Carnivora may have produced the 
Pinnipedia (seals, walrus, elephant-seals), beginning with a mutation like 
that found in these breeds of dogs. The rare hereditary form of paralysis 
in very young children, known as the Werdnig-Hoffmann paralysis, is 
similarly due to spinal nuclear atrophy and was reported nearly fifty years 
ago. But in children, although it tends to begin in the thigh, it spreads 
throughout the spinal cord. 

The Newfoundland dogs and Dachshunds have webbed toes, which may 
be associated with achondroplasia or pituitary disturbance. The sireniform 
malformation in man is then probably the result of a single mutation in the 
germplasm. Whether it is dominant or recessive cannot be determined be- 
cause such individuals never survive, but evidence could be obtained by 
determining the incidence of consanguinity between the parents in such 
cases. Fradrich (1936) described three sireniform human foetuses. 

Davies (1930) described two cases of radio-ulnar synostosis without 
evidence of an hereditary origin. Such cases may be mutations. 
McFarland (1930) saw at least ten cases and recent records of at least 
six more (three bilateral). Dislocation of the head of the radius is the 
original condition, followed by fusion of the proximal ends of radius 
and ulna. Thomas (1926) records a family under the name of radio- 
ulnar olisthy. There were 7 cases (4 cf 3 9 ) in four generations, inherit- 
ance strictly dominant. Synostosis of humerus and radius is described 
by Roth (1926) in a family with three of five children of normal parents 
affected. In the second child both elbows were fixed at 90®, in the 
third at 80® and in the fifth at 70®. This condition appears to be 
recessive. 

Another crippling deformity arose as a mutation (Hegdekatti, 1939) 
from normal parents in a Hindu community in Bombay in which 
marriage is restricted to members of one sect. On the hands, all the 
fingers are missing except the little finger {monodactyly) , This does 
not taper, is generally flexed at the tip and the nail is abnormal. Some 
hands have metacarpal bones, others are like a thick pad, with friction- 
skin patterns quite different from the normal. The feet have one rudi- 
mentary toe with a rudiment of nail and a lateral outgrowth below the 
ankle joints which makes walking difficult. The condition is more 
uniform than many such malformations. It is strictly dominant, with 
23 affected and 23 normal descendants in six generations. 

A recessive condition in which broad, fleshy hands and short fingers are 
associated with a form of dwarfing resembling achondroplasia, was recorded 
in three of six children of normal parents by Drysdale and Herringham 
(1908). The head was large, the forehead prominent, the nose flattened, 
base not depressed. The finger pulp extends beyond the nails, which are 
raised, and the feet show similar changes. 
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Apical Dystrophy 

This condition was formerly confused with other forms of finger- 
shortening, but has been clearly distinguished by MacArthur and 
McCullough (1932). They described a family in Toronto with fifteen 
cases in three generations, strictly dominant. It is an unusual form 
of shortened fingers (and to a less extent toes) manifested by absence 



Fig. i6q. Hands showing apical dystrophy. (After MacArthur and McCullough) 

of the terminal portions of fingers II to V and nearly or quite complete 
absence of nails (Fig. 169), The thumbs are not shortened, but are 
abnormally broad and flat and show a tendency to doubling of the 
nail. The fingers resemble the stumps left after amputation of the 
terminal third, half or two-thirds. They look like the hands depicted 
on the walls of Paleolithic caves in the Pyrenees, which are supposed 
to be the result of mutilation. Even in one hand, stages of hypo- 
phalangy with tri-, bi- and nearly monophalangic digits may be seen. 
Usually most of the mid phalanx and sometimes the base of the third 
is present. Figure 170 shows the osteological teratology. Some affected 
members have syndactylv fingers III and IV and of some toes- 

When the embryo is about 20 mm. in length in the second foetal month, 
certain fingers and toes are connected by webs, the fingers and outer toes 
are about to develop their terminal portions and the thumb is differentiating 
its terminal phalanx. The gene is pictured as an inhibiting influence, pro- 
ducing a partial arrest of development at this brief period. In brachy- 
phalangy, on the other hand, precocious closing of the line between the 
epiphysis and the phalanx stops elongation of the phalanx after birth. 

The authors point out that Cragg and Drinkwater’s (1916) case, 
with 27 affected (10 cT 179) in five generations, is also apical dys- 
trophy. The same deficiency was described at Uxbridge in a mother 
and two children, by Dr. Kellie (1808). This was said to have been 
inherited for ten generations and only through the mothers, but the 
latter statement at least is subject to doubt. Exactly the same condi- 
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tions were seen in a family in six generations by Mackinder (1857). 
Drey’s (1912) family, with 9 cases (TcT 5 9) in three generations, is 
an allied condition, but the shortening was mainly in digits III and IV. 
Synostosis of the phalanges of the index finger, also present, would be 
due to a separate gene. 



Fig. 1^0. Skiagraph showing the hand bones in apical dys- 
trophy. (After MacArthur and McCullough) 


MacArthur and McCullough proposed a classification of digital 
abnormalities, which can be adopted in essentials as follows: 

1, Shortening prenatal, involving digits II-V (apical dystrophy). 

2. Shortening not fully apparent at birth; precocious ossification of 

certain rows of epiphyses (brachyphalangy in wide sense). 

A. Metacarpals (or -tarsals) only affected. Brachymetapody. 

B. Middle phalanges only affected. Brachyinesophalangy. 

1. More widespread shortening, including the long bones. 

a. Reduction marked, phalanges absent or short and fused to 
the terminal phalanx. Hypophalangy, brachydactyly, bi- 
phalangy. 

b. Reduction less marked, mid-phalanges not ankylosed to 
terminal. Minor brachydactyly. 

2. Shortening restricted to mid-phalanx of certain digits, es|:)ecially 

V and II; stature normal. 

a. Digits I II-V (toes only) without mid-phalanx. 

b. Digits II of hands and feet, mid-phalanx showing (i) marked 
(2) slight, reduction. 

c. Digits V, II or IV of hand showing slight asymmetrical 
shortening on mesial side. Clinodactyly. 

C. Terminal phalanges shortened. Brachytelophalangy. 

I. Shortening confined to thumbs, which are broad and clubbed. 

B rachy megaloda cty ly . 
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These various conditions appear to be represented by a series of 
genes, which are quite likely alleles, differing in the strength and time 
of their action. 

Morvan's syndrome is a rare condition, described in 1883, in which 
the nails are abnormal and the terminal phalanges may show a condi- 
tion like apical dystrophy. Parks and Staples (1945) describe two 
cases, in one of which the parents were first cousins. They found only 
seven other cases recorded, two of them in brother and sister. Some 
cases have painless foot ulcers, but syringomyelia (cavities in the spinal 
cord) is not always involved. 

Carpal displacement (Ellsworth, 1927) in a family with five cases 
(all females) in four generations, is probably a simple dominant. The 
carpus is displaced forwards on the radius and ulna and the wrist 
articulations are deformed. 

Congenital flatfoot is an arrest of development, since man is the only 
primate having a longitudinal arch. According to Kuhns (1942) some 
50 per cent of children show foot weakness when they begin to walk. 
A small number, about 0.5 per cent, show persistent ligamentous 
relaxation of the feet with displacement of the medial tarsal bones on 
walking. Such feet show a tendency to go into calcaneovalgus (see 
p. 390). The foot relaxation is regarded by Kuhns as a part of the gen- 
eralized relaxation of ligaments and subcutaneous tissue in the Ehlers- 
Danlos syndrome. He believes the tendency to flatfoot to be inherited 
as a recessive trait. 

Hyperextensibility or doublejointedness of the thumbs may occur in 
the first joint or the second. The condition appears to be usually an 
irregular dominant rather than recessive. Key (1927) described a 
family in which the father and four sons but none of the five daughters 
were affected. The mobility extended to all the finger joints and the 
wrists. The father’s parents, his nine brothers and one sister were 
normal, so it probably arose de novo with him, and inheritance in the 
Y-chromosome is indicated but not proven. Hypermobility, whether 
in one joint or many, is ascribed to extensibility of the ligaments. 
Whitney (1932) described a family with 13 cases (5c? 69) in three 
generations, in which the second joint showed hypermobility. He 
cited several other small families and found 5 to 10 per cent of people 
affected in small groups tested. 

Hyperextensibility of the metacarpo-phalangeal joints is also inherited, 
Schlaginhaufen (1934) published a pedigree in which the fingers are 
‘Mouble- join ted” at the base. The condition is probably not uncom- 
mon. It occurs in different degrees and is more marked in children 
than adults. This family contains 7 cases (2 c? 5 9 ) in two generations. 
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with 10 others showing lesser degrees of stretchability. The pedigree 
suggests irregular dominance, with variable expressivity and incom- 
plete penetrance. A pedigree of Hanhart contains twenty cases. In 
Sturkie’s (1941) family all the finger joints are hyperextensible. The 
9 descendants (3 c? 6 9 ) in two generations from one woman have all 
inherited her peculiarity. In an ordinary dominant, half should have 
been normal. The knees, elbows and toes were also affected in some. 
In a second family the condition was less extreme. A woman with 
normal parents and four normal sisters transmitted the condition to a 
daughter and grandson while a son (and his two sons) was normal. 

Luxation of the head of the radius is frequently associated with other 
congenital malformations of the elbow joint. Abbott (1892) described 
7 cases (5 c? 2 9 ) in a family in four generations. In four cases the 
effect was bilateral. Dislocation of the radius was almost directly 
forwards and was noticed when the child began to use its hands. The 
inheritance was irregularly dominant with three skips. 

Bonneberg in 1893 collected thirty cases of luxatio radii, twelve of 
them bilateral. The luxation can be forward or backward. Trauner 
and Rieger (1925) cite a family with six cases in four generations, domi- 
nant. There were related anomalies of the finger and knee joints, 
and the nails of the thumb and first finger ended in a ragged malformed 
outer tip. 

The familial occurrence of osteochondritis dissecans (inflammation 
of cartilage resulting in splitting off pieces into the joint) shows that 
there are local defects in the cartilage of the whole elbow region, which 
are of endogenous origin. Congenital luxations, according to Pfeiffer 
(1938) are preceded by a primary distortion of growth and develop- 
ment. Subluxation and intermediate conditions also exist. A case 
is cited, in which the mother had radius luxation in both arms, and 
both femurs dislocated. One child had luxation of both radius and 
ulna, another had luxation of both femurs and the radius and ulna 
on both sides. In cases of ulnar luxation there is aplasia of the distal 
end of the humerus. 

A different malformation of the elbow joint was described by Herzog (1927) 
in a woman, her sister, father and paternal grandmother. It was bilateral 
in every case and consisted in the separation of the broad fossa olecrani into 
a lateral and a deep medial recess, the olecranon being small and slightly 
arched. The mechanism of movement was abnormal. The inheritance is 
evidently dominant. 

In a legal case (Nievergelt 1944a) a man had multiple malformations 
of the limbs, viz. elbow joint dysplasia, bilateral radio-ulnar synostosis, 
misshapen lower leg bones, bilateral club foot (pes varus) with s3mos- 
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toses of the tarsal bones, metatarsals and toes. He had an illegitimate 
son showing essentially the same malformations, by each of three dif- 
ferent women. The condition was therefore strongly dominant. In 
another family five members showed different degrees of a bilateral 
malformation of the hands. 

Luxatio coxae, or congenital dislocation of the hip, is also inherited. 
Roch (1925) was the first to collect a large material on its inheritance 
from the clinics of Tubingen and Leipzig. He cites 189 cases in 29 pedi- 
grees. The condition has been known from the time of Hippocrates. 
Roch finds it 5.5 times as frequent in women as men. The pedigrees 
as they stand indicate recessive inheritance. He regarded it as a sign 
of degeneration, more frequent in families whose ancestors contained 
drinkers and epileptics. Bryn (1926) finds that the condition is very 
frequent in the hybrid population of Finmark, compared with other 
parts of Scandinavia. According to him, it has been repeatedly shown 
to be very much more frequent in hybrid than in pure races. In Lapp 
X Norwegian, the small pelvis and narrow acetabulum of the Lapp 
woman, combined with the large caput femoris of the Norwegian, 
makes luxation easy, and may be regarded as a disharmony arising 
from this cross. 

Hooff (1928) found 932 cases (1320? 800 9 ) among 14,320 examined 
in ten years at the orthopaedic hospital In Munich. It was thus six 
times as frequent in females as in males, and 20 per cent of the cases 
were familial. The 112 pedigrees (see Fig. 171) mostly require the 
same explanation as those of Roth, except one with direct descent 



B Not known which side 
C = Left side 
® = Right side 

Fig. J71. Inheritance of luxatio coxae. (After Hooff) 

through four generations and two or three others which appear to 
be irregular dominants. In a pair of twins very probably identical, 
only one of them had it, showing incomplete penetrance. The greater 
frequency of luxation in female children is due to the difference in 
shape of the pelvis, although in newborn children there is a difference 
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of less than one degree in the angle the femur makes with the hori- 
zontal in the two sexes. But during the first year the differences 
increase. Luxation is significantly more frequent in the left than the 
right femur, especially in the female sex, but there is no known 
reason why this should be so. Frequently (in 42 per cent of cases) 
both femurs are dislocated. Hayashi and Matsuoka found luxation 
relatively common in Tokyo. This is ascribed to the fact that the 
Japanese are compounded of Mongolian, Ainu and other (Malayan) 
elements. Luxation is also known to occur in North Africa, Sudan, 
Madagascar, and Annam; whereas among the Chinese of Shanghai, 
who are regarded as a relatively pure race, it is said to be almo.st non- 
existent, only three cases occurring in twenty years in a hospital clinic 
seeing 70,000 patients annually. There are also great differences in 
its frequency in parts of Germany and the Tyrol. 

In his breeding experiments with mice, Rabaud (1919) describes the 
appearance of a race from wild X albino, in which the tibia is replaced more 
or less completely by a fibrous tract, while the fibula is heavy and incurved. 
As a result, the leg is bent on the thigh and will not support the animal. It 
walks on the distal end of the femur, which thus appears dislocated. This 
condition only appeared in the descendants of one pair from the original 
cross. When crossed with normal it was recessive, usually giving a 3 : I 
ratio. Two abnormals crossed together afterwards gave 18 normal : 74 ab- 
normal, 9 of them luxated on one side only. Extracted normals crossed to- 
gether gave 3:1, and normal X luxated gave 1:1. In man the penetrance 
is lower. 

The so-called congenital dislocation generally develops in the first 
two years after birth, sometimes later. Faber (1938), by use of X rays, 
found deficiency in ossification of cartilage as the cause in every case. 
He studied 19 families, with 150 persons in one pedigree. In all families, 
where only one member had hip dislocation he found several with 
deficient ossification. On this basis he concludes that the condition is 
a simple irregular dominant, four times as frequent as it was previously 
considered. Taking into consideration all kinds of disturbance of 
development in the area of the hip joint, he finds no great difference 
in incidence in the sexes, but actual dislocation is more frequent in 
the female. The congenital maldevelopment is in the iliac segment 
of the bony acetabular rim. This defective ossification results in a 
“flat” acetabulum, which is the inherited condition. Environmental 
factors determine whether dislocation will follow. When it has occurred, 
secondary changes lead to the thickening of the articular cartilage 
unless the femur head is replaced. Badgley (1943) finds that the 
primary embryological abnormality is failure of rotation of the limb 
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bud and Strayer (1943) thinks the foetal position is involved. Hart 
(1942) agrees that dislocation results iromfiat socket or hip dysplasia, 
due to a dominant gene. 

Absence of head of femur is a closely related condition. Tucker (1934) 
described a family in which six members in four generations were 
cripples from this cause. It was dominant with one skip. Five other 
members had fragilitas ossium. Pfeiffer (1937) shows, from a study 
of seventeen unilateral and three bilateral cases, that femur and pelvis 
defect is evidently involved in all cases of congenital luxation. The 
pelvic bones show different forms of under-development and change 
in shape. In some cases the defect is mainly in the head of the femur, in 
others in the pelvis, the acetabulum being frequently shallow or defective. 

The inheritance of the supracondyloid process of the humerus was 
shown by Struthers (1873) in a family (Fig. 172). This process or 
hook is a vestigial character which can be felt in the living person. It 
was on the left side in the father and three sons, bilateral in one, who 
also showed it more strongly in the left arm. Struthers suggested that 
the frequency in the population might be i in 50. The idea that this 

process might be more frequent in mental 
defectives or insane proves to be without 
foundation (Terry and Cady, 1923; Cady 
and Francis, 1927), its frequency among 
/'«>. 172. Inheritance of the 2665 inmates of institutions being about 

Struthers^'°‘‘^ skeleton it may be 

found cis a rough-trace, ridge, tubercle or 
process. Including these traces, HrdliSka (1923) found it in 63.8 per 
cent of whites and Terry in 34.6 per cent of Negroes, but the only 
Negro who had small bilateral spurs showed evidence of white ances- 
try. Terry (1930) found that while the complete process occurs in 
about I per cent of whites, it was rarely if ever recorded in pure 
Negroes or Indians, the incidence of all stages being much lower. 
Hrdlicka found the full process in 3 Indian humeri out of 3094 exam- 
ined, and in 2 out of 128 Eskimo humeri. Its incidence in Mongolians 
is also low and it has not been found in Melanesians or Australian 
aborigines. It thus appears to be rare or absent in primitive man, 
anthropoids and many of the lower apes, while experiencing a recru- 
descence in whites and Eskimos. 

Acheiropodia, or absence of hands and feet, is a very rare abnor- 
mality. Peacock (1929) gives an account of a unique family in Brazil, 
with two photographs. According to the information given in the third 
and fullest account, a man married his niece. Of their 12 children, 
6 were affected (4 cf 2 9 ) and there were 4 normal daughters, 2 of 
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whom married and had 9 healthy children. The condition appears to 
be recessive. In those affected, the forearms are represented by an 
osseous appendage 4 cm. long with a nail at the tip; the lower legs 
by about two-thirds of the tibia, without muscles attached. The 
patella is present. One of the affected men was a cretin and another 
was mentally deficient. These cripples could feed themselves and do 
light work. Several members showed tardy pupillary reflexes, indicat- 
ing syphilis. The birth order of those affected was the first, fifth, sixth, 
eighth, tenth, and twelfth child. Koehler (1936) gives another account 
of the family. Two other families are cited each with three cases of 
acheiria (one hand missing) in three generations, apparently irregular 
dominant. In a fourth family a woman with normal parents and sibs 
had arm stumps about 9 in. long, one with a thumb, the other a little 
finger. The thighs had small feet with two and four toes respectively 
attached to them — the condition thus approaching phocomelia. 
Adams and Oliver (1945) describe a condition closely similar to acheiro- 
podia but less extreme. In marked cases the hands and lower legs 
were missing, in some limbs only the phalanges and certain metacarpals 
were absent while other limbs were normal. Two also had a defect 
in the vertex of scalp and skull. There were eight cases in three genera- 
tions of a family, inheritance dominant. Regnault (1911) described 
a dog, twelve years old, with no forelegs. He tried amputating the 
forelegs of mice for several generations, with no effect! Johnson (1940) 
described complete absence of legs in pigs as a simple recessive 
condition. 

Various cases of absence of the fibula have been described. Dank- 
meljer (1935) described the anatomy in a case of absence of the tibia 
and found 77 cases published since 1861, 21 of which were bilateral. 
This defect was in 35 males and 22 females ; 32 were on the right and 
only 6 on the left leg. Ollerenshaw (1925) described a case of absence 
of the tibia, associated with many changes in the leg muscles. He 
regarded congenital defect of the long bones as due to interference 
with growth of the limb buds in the first few weeks of the foetus. In 
modern embryological terms, the evocator for a particular structure 
has failed at the critical period. Other abnormalities are generally 
associated and Dankmeljer concludes that the disturbance in develop- 
ment was at or before differentiation of the tibia from the blastema. 
As all the cases appear to be single, there is no evidence of the manner 
of inheritance. 

Considerable light has been thrown on these abnormalities of the 
limbs by experimental work with mice. Bagg (1929) studied the de- 
scendants of X-rayed mice in which there was a high percentage of 
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congenital limb defects, syndactyly, clubfeet, hypodactyly, polydactyly 
and ^‘amputation.” In two thousand control mice they failed to appear. 
There was also associated blindness, and occasional absence of one 
or both kidneys and absence of testis and liver. The inherited defects 
began to appear in the third generation from the X-rayed animals. 
Among 5280 mice, 291 had clubfoot. The left foot was affected more 
than twice as frequently as the right, and the left hind foot most 
frequently of all, but there was no difference in sex incidence. Clubbing 
was frequently associated with syndactyly, hypodactyly was recorded 
in 27 animals, amputation in 16; polydactyly occurred only in the 
hind limbs and generally on the right side, the big toe generally being 
reduplicated. 

Examined in utero, it was found that the earliest foot defect was associated 
with a bleb, which raises the epithelium in a local area. Bleb formation was 
considered to be due to an hereditary anomaly of the lymph vessels, and it 
acted as a mechanical hindrance. Blood later escaped into the bleb, forming 
a clot which may persist until birth. The extent of this pathological process 
determines whether the foot will show congenital amputation, clubbing, 
hypodactyly or syndactyly. These abnormalities are recessive to normal 
in inheritance and they approach the Mendelian expectation when con- 
sidered as the manifestation of one general tendency. Polydactyly was 
regarded as the result of arrest of development in the early primordia of 
toes, some reduplications of rudiments occurring on recovery. Bean (1929) 
found at least seventeen types of abnormality, from slight to gross, in these 
mice. Fusion of tarsal or carpal bones occurred in practically all cases, 
including some which were otherwise normal. 

Bonnevie (1934) made an embryological study of the bleb formation in 
these embryo mice. The blebs form on the dorsal side of the head and body, 
minute blebs forming on the hind legs. The bleb fluid is normally expelled 
through an opening in the roof of the embryological myelencephalon, but the 
quantity expelled is excessive and its mere pressure hinders the development, 
producing the abnormalities as secondary effects. Crosses showed, however, 
that modifying factors influence the localization of these abnormalities. 
The main gene causes abnormal increase in cerebrospinal fluid in embryos 
7 mm. long and its expulsion through the foramen anterius in the myelen- 
cephalon, whence it surrounds the embryonic eyes, producing abnormalities 
of the cornea and eyelids. Another bleb may form in a concavity across the 
shoulders and in other parts. Many blebs are absorbed, leaving no trace. 
The ” penetrance” of the gene for different abnormalities thus depends on 
the frequency with which blebs rest on eyes, forefeet or hind limbs, and the 
five types of foot abnormality depend on the exact position and size of the 
blebs. Blood plasma could be seen to enter these blebs in the living embryo. 
Green (193B) summarized all the genetical work on morphological mutations 
in rodents. 

Absence of patellae or their delayed development is inherited, either 
alone or in connection with other anomalies. Little (1897) cited a 
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family with eighteen cases in four generations, of no patella and no 
thumb nail. This condition was more frequent in females and was 
associated with hyperextension of the knee-joint. Three cases were 
described and forty-two found in the literature. In nine cases the 
knee-cap appeared at ages between six months and six years and in 
four it was absent at the end of the growth period. Some individuals 
with no patella could run and dance without difficulty. Oesterreicher’s 
(1929) family lacked thumb nails and patella. His (1931) family 
showed defective patella, defective thumb nails and radius luxation. 
All three items of the syndrome were present in every case except 
two which were doubtful, one in which the luxation was unilateral 
and one in which only the nails were defective. These three conditions 
are present in 30 cases (9 c?' 21 9 ) in four generations of another family 
(Senturia and Senturia, 1944), strictly dominant. A single pleiotropic 
gene may be concerned, or perhaps two closely linked genes, one pro- 
ducing the ectodermal, the other the mesodermal defects. An excess of 
affected females also occurred in an early family of Sedgwick with 
eighteen cases in four generations. Turner’s (1933) two large pedigrees 
show small or absent patella with shoulders, elbows and ilium affected 
and nail dystrophy. Lester’s (1936) family shows dominant inherit- 
ance of six defects in three generations: patella absent or vestigial; 
elbow (lower end of humerus and upper end of radius) malformed so 
the arm cannot be fully extended ; at shoulder, head of humerus under- 
developed and scapula thickened on lateral border; ilium and in some 
the head of the femur abnormal ; nails very thin and the nails of digits I 
to III have no free end; a pale peripheral zone in the iris (this may 
not be part of the syndrome). The cases are collected in Table 14. 

In another family, Moore (1930) described recurrent dislocation of 
the patella in four generations. 

TABLE 14 

ABSENCE OF PATELLA 




Affected 

Normal 

■ 

• 

□ 

0 

Turner 

1933 

I 24 

13 

5 

19 

8 

5 



II 26 

12 

13 

14 

7 

5 

Lester 

1936 

7 

5 

2 

4 

— 

— 

Oesterreicher 

193 ^ 

10 

10 

7 

4 

3 

7 

Senturia 

1944 


}A 

9 

21 

8 

6 



97 

54 

36 

62 

26 

23 


The condition is dominant in all families. 

Absence of thumb nails (anonychia pollicum) can be inherited by 
itself. The nail bed is red, cartilaginous and sensitive in some cases. 
Ebstein (1919) described this condition in a father and two of his four 
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children. In Menge’s case a dominant pedigree included eleven affected 
in four generations. Cutore (1927) described an Italian family in 
Catania with 1 1 cases (5 cf 6 9 ) in three generations. The fingers and 
toes had no trace of a nail or mere vestiges in a few. This dominant 
pedigree showed two skips. The pedigree included a cousin marriage, 
DR X RR, from which there were three affected children. Strandskov 
(1939) found four cases of absent thumb nails, dominant in three gen- 
erations of a family. The other nails were slightly abnormal — thin, 
slow-growing, with large and pointed lunula. Anonychia appears to 
be recessive in several other families, but the condition of the nails is 
the same. 

Onychatrophy or hypoplasia of the nail§ overlaps anonychia. In sev- 
eral families the two are combined with rudimentary or absent patellae 
Pires de Lima (1924) described a family with onychatrophy, the nails 
on hands and feet more or less atrophied and deformed. A normal 
woman had three normal sons and twin daughters with the defect. 
One of these daughters had a normal son and three daughters with 
nails more or less atrophied. The condition was confined to the female 
line for two generations, but this may have been chance. 

The three conditions, namely (i) anonychia or the milder form 
(probably an allele) absence of thumb nails only, (2) absence or defect 
of patella, (3) luxation of head of the radius, can thus all be inherited 
separately as simple dominants. From the fact that they frequently 
occur together as a syndrome it is probable that they are closely linked 
genes in one chromosome, as Aschner (1934) points out. She collected 
eight pedigrees of hypoplasia of the patella. In three of them the bone 
defect is associated constantly with a defect of the thumb nails. In 
a few other pedigrees other nails are also affected and other bones 
deformed. Nail defect also appears to be linked with alopecia. She 
assumes that the genes for nail and patella defect are so closely linked 
that they frequently mutate together. The radius defect occurs alone 
in a number of pedigrees and is probably not quite so closely linked 
as the other two. Trauner and Rieger (1925) found camptodactyly 
associated in a family (six cases) with the Turner triple syndrome, so 
it is probably more loosely linked in the same chromosome. An expla- 
nation of this syndrome based on modifiers of one gene with polyphonic 
aspects has been suggested, but seems less likely. On the other hand, 
when alopecia is associated with nail defects, both appear to be effects 
of one gene, but hypothyroidism appears to be a separate gene in the 
same linkage group. 

It is generally assumed that serious defects in wild anima’s are “ removed ” 
by natural selection. That this is not always so is shown by Schultz’ (1944) 
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study of anatomical variation in the gibbons. Among nearly three hundred 
specimens and skeletons from northern Siam, where they occur in thousands, 
he found that i6 per cent of the skeletons of Hylobates lar had marked con- 
genital digital defects, 26 per cent had congenital malformations of the 
teeth and nearly half of these animals, shot wild, had one or more skeletal 
or tooth abnormalities, similar to those in man but with a much higher fre- 
quency. Cases of fused radius and ulna occurred. Dental caries was absent 
in juveniles but present in i per cent of adults and 9 per cent of old animals. 
There were 115 healed fractures, especially in the humerus and femur, but 
some even in the skull. These observations clearly contradict the assump- 
tion of the prevalence of normality and health in wild primates. They show 
that in some circumstances natural selection fails to act. 
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Chapter XII 


ANOMALIES OF THE SKELETON AND OF BONE 

STRUCTURE 


S INCE the discovery of X rays, various abnormal conditions of 
the bony tissues have been discovered which could not previously 
be observed. Other abnormalities of bone structure have been seen 
in Neolithic skeletons and in vertebrate fossils as far back as the 
Cretaceous. 

A condition which is frequently called marble bones and has also been 
misnamed osteosclerosis and osteopetrosis was discovered accidentally 
by X rays and described by Albers-Schbnberg in 1904. It is rare, but 
about thirty cases were described in thirty years, mainly in Germany ; 
a few in Switzerland, France, Italy and America. The cortex of the 
long bones becomes greatly thickened at the expense of the medulla, 
which may be entirely obliterated, thus doing away with the hemo- 
poietic (blood-producing) function of the bone marrow. These bones 
fracture and become deformed easily. The condition is generally 
found in sibs (recessive), but is probably an irregular dominant in 
some families, as it occurred in a father and son and in a mother and 
three children. There were four cases in a family from Heligoland 
where inbreeding has been common for generations. Karshner (1926) 
described four cases ranging in age from one to eleven years among 
2500 children X-rayed. He found twenty-six cases in the literature. 
The face becomes characteristically “old” in appearance, but the 
blood calcium was normal in the cases tested. There may be derange- 
ment of phosphorus metabolism but the mentality is generally normal. 

In d French family in Montreal, the mother and three children were 
affected. Pirie (1930) described this family and also a single unrelated 
case. The bones, while impervious to X rays, are found to be soft 
and easily cut with a knife — more like chalk than marble. Kudr- 
jawtzewa (1930) described the case of a boy of three and a half years, 
who died fifteen months later with great enlargement of liver and 
spleen, which compensates for the loss of bone marrow. He regarded 
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the condition as recessive in inheritance. Pounders (1935) considered 
the etiology of this coneiition. Secondary sympte^nis are anaemia and 
hydrocephalus. Probably many cases die in utero and others soon after 
birth. A hyperparathyroid origin of the disease is suggested. 

An aberrant form in two brothers was described by Field (1938). Van 
Creveld and Heybroek (1940) have an extended discussion of the disease. 
Herzenberg and Levit (1931) described two Russian families with hve cases 
from normal parents and recognized two forms. In one heterozygous in- 
dividual the condition was mildly expressed. Hanhart (1942) recognizes 
three forms, all reccvssive. In (a) the condition becomes malignant. He cites 
a wSwiss family (1943) dating from an eighteenth-century marriage. The 
more frequent form (h) is lethal in childhood, following anaemia. In another 
group (r) the marrow ('hanges to bone, producing fractures but not marked 
anaemia. 

Spotted bones, osteopoikily, osteopathia condensans and ostitis con- 
densans disseminata are names for another rare familial change in 



Fig. 173. Skiagraph of hand showing denser 
spots in bones. (After Wilcox) 


the skeleton, which was discovered by X rays. This was also described 
by Albers-Schonberg (1915) in a soldier in Hamburg. The bones were 
not brittle. Dense spots or areas of condensation are present in the 
spongiosa of the bones (Fig. 173). This mutational defect of the skeic- 
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ton is accompanied by a condition of the skin known as dermatofibrosis 
lenticularis disseminata, in which there are small, hard nodules loose 
in the skin of the seat, thigh and trunk. They are composed of con- 
nective tissue in the skin and subcutis. Windholz (1932) described a 
father and daughter with “spotted bones” and “spots” in the skin. 
The changes appear to be analogous and are probably both due to one 
gene. A third, unrelated case showed the same changes in the bones 
and skin, but the knee bones (around the joint) were longitudinally 
striped. Wilcox (1932) found the condition in father and son. Brucke 
(1933) found about twenty-six cases recorded and described one in a 
man and child (apparently male). It appears to be more frequent in 
males. All the bones are generally involved except the skull, spine 
and ribs, or skull, spine, scapula and clavicle. The method of inher- 
itance is still uncertain. 

A closely related condition is the conspicuous longitudinal striping of the 
bones as enostoses in the same places, i.e., calcaneum, tibia, fibula, femur, 
arm bones, etc. Voorhoeve (1924) described this condition in father, son 
and daughter. 

Caffey and Silverman (1945) describe under the term infantile cortical 
hyperostoses a new condition in which the tubular limb bones, ribs, 
clavicles, scapulae and mandible are so affected by hyperostosis that 
the cavity may be partly occluded, as shown by X-rays. Four cases 
are described, all male infants, and three others are mentioned. It is 
accompanied or preceded by swelling of the face or limbs, but no evi- 
dence of infection could be found. The possibility of inheritance should 
be explored. 

Osteogenesis imperfecta (brittle bones), osteitis deformans (Paget’s 
disease) and generalized osteitis fibrosa (Recklinghausen’s disease) 
are related conditions in which the calcium and phosphorus metabolism 
are involved, and possibly the parathyroids. All show defective calci- 
fication of bone and liability to fractures. The plasma phosphatase, 
which is responsible for the deposition of calcium , from phosphoric 
esters in the blood, is high. In connection with osteogenesis imperfecta 
and osteitis deformans, otosclerosis may develop. Jaffe, Bodansky 
and Blair (1930) showed that bone destruction similar to osteitis 
fibrosa in man could be induced in guinea pigs and dogs by large doses 
of Collip’s parathyroid hormone. Crooks (1932) published a dominant 
pedigree of osteogenesis imperfecta with 12 cases (30’ 9 9) in four 
generations. One child was delivered by Caesarean section with a 
broken femur and blue sclerotics and a bitemporal bulge. In another 
family the mother had osteitis deformans, a daughter of seven weeks 
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osteogenesis imperfecta and congenital pyloric stenosis, blue sclerotics 
and a bitemporal bulge. She broke her left radius and femur in her cot. 

Roberts and Cohen (1926) state that an Egyptian mummy and even a 
Neanderthal skull are believed to show Paget’s disease. It is also known in 
monkeys, horses and other animals. They found over three hundred human 
cases recorded, to which they added 16 (iicf 5?). Pain in the legs is 
accompanied by progressive decalcification of old bone and its replacement 
by an osteoid tissue. The term osteitis deformans was coined for it inde- 
pendently by Czerny in 1873 and by Paget in 1877. Roberts and Cohen 
found thirteen cases of familial incidence in the literature, and two of their 
patients were sisters. Kay, Simpson and Riddoch (1934) describe a case in 
brother and sister, the mother also probably affected, but the manner of 
inheritance is not yet clear. In another family (Weber and Huber, 1939) 
three sisters were affected at ages 62 to 72, their nine brothers being normal. 

Twelve cases of osteitis deformans were studied by Moehlig and 
Murphy (1935) who concluded that constitutional inheritance plays 
the major role in the etiology of Paget’s di^ase. They found a high 
incidence of tallness in the family, with diabetes mellitus and obesity. 
They suggested that the pituitary gland is primarily and the para- 
thyroid secondarily concerned. Tall, obese persons, especially with 
a family history of diabetes, should not intermarry, Dickson, Camp 
and Ghormley (1945), in a full review of Paget’s disease, cite a family 
in which the patient’s mother, brother, maternal grandmother and 
great-grandmother and one aunt were affected. In a pair of MZ twins 
the tibia was involved, but the disease is most frequent in the pelvis. 
Osteoporosis circumscripta is an early manifestation. 

Van Bogaert (1933) described a family with Paget’s disease and 
chorioretinitis pigmentosa. There were six cases of retinitis and four 
of Paget’s disease in four generations, three individuals having both 
(Fig. 174), Both were transmitted cis irregular dominants. The 
osteitis developed first, the retinitis pigmentosa showing later and 
leading to blindness. Camurati (1922) described a family with osteitis 
deformans in the lower limbs only. There were eleven cases (all male) 
in four generations. Williams (1929), in a study of human paleo- 
pathology in which many diseased conditions were recorded in Egyptian 
mummies and in Neolithic skeletons, found that symmetrical osteo- 
porosis of the skull was common in American Indians of the area where 
maize was cultivated as the chief food. This is known as SchiiUer’s 
disease, the bone being porous. It is associated with lack of vitamin^ 
old age, toxic goitre and various other conditions, but there is no 
evidence that it is inherited as such. Hooton (1930) found it in 3.3^r 
cent of crania (especially infants and children) from the Pecos Puwlo, 
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and Ford, Quimby and Snow (1945) find it in skulls from an early 
Indian culture on theXower Mississippi. 

I 

II 

III 

IV 

V 

VI 

III =PageCs ostitis deformans 

Fig. 174. Pedigree of Dutch family with osteitis deformans and retinitis 

pigmentosa. (After van Bogaert) 

In a recessive lethal mutation in rats (Griineberg, 1938) the most funda^ 
mental of various pleiotropic effects was an anomaly of the cartilage. 
Hyperplasia of the ribs and the cartilaginous rings of the trachea leads to 
distension (emphysema) of the lungs, from which the rats die in a week to a 
month. Fell and Griineberg (1939) showed by tissue cultures that some of 
the cartilage cells are abnormal, the gene thus acting directly on chon- 
drogenic cells to produce abnormal cartilage. 

Nutrition and living conditions are known to play an important and 
probably essential part in the production of rickets. It is well known 
that lack of vitamin D will produce rickets and that damp living condi- 
tions and lack of sunlight favor it. But among families living in equally 
unfavorable conditions, one will be much more affected than another. 
The rachitic diathesis is evidently inherited. Ziesch (1925) made a 
study of rachitic families in Munich in 1916-23. Among 230 families, 
in 5 cases both parents had had rickets, in 21 the father only, in 34 
the mother only. In 82 cases rickets was excluded in both parents 
and 88 ceises were doubtful. In 12 pedigrees, one extending to four 
generations, the rachitic diathesis appears to be inherited as an irregu- 
lar dominant with occasional skips. 

Smith (1934) described a remarkable family in Illinois suffering 
from iilceration of the soles of the feet (Fig. 175), accompanied by anaes- 
thesia and destruction of bones in the foot by splintering. The disease 
might be diagnosed as leprosy, but it is confined to the foot soles, 
though certain phalanges of the toes may also be lost. In this family 
a father, his two half-brothers and three sons were ciffected. The 
condition confined to males, but there is no evidence that females 
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transmit. The gene appears to be in the Y-chromosome. The youngest 
case described was sixteen years f)f age, and the sons appear to be 
normal up to puberty. It is not stated whether the two normal sons 
in generation III are younger, but if they developed the condition 
later it would be proof of another gene in the Y. 



Fig. 175. Inherited ulceration of the soles of the feet. (After 
Smith) 


Tocantins and Reimann (1939) published another remarkable pedi- 
gree of ulcers of the feet. The condition was dominant, with 8 cases 
(6 cf* 2 9 ) in three generations. There were skin and sensory changes 
in three others, and harelip and cleft palate were also dominant with 
five cases in the same pedigree. In two brothers the lesions began at 
about seventeen with a small blister on the sole of one foot, soon 
followed by a blister on the other sole. Ulcers form in a month, the 
metatarsals and phalanges becoming deformed and destroyed by the 
discharge of spicules of bone from the ulcers. There was cyanosis of 
the toes and in some cases amputations of the feet were necessary. 
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The syndrome is attributed to an organized dysgenesis of the central 
nervous system of the type described by Fuchs in 1909 under the term 
myelodysplasia. Other families are described in Chapter XXIII under 
syringomyelia. 

The torus palatinus is typically a boss at the back of the hard palate 
in the midline, but is variable and frequently extends forward as a 
ridge. Stieda produced a monograph on this structure in 1891, and 
Godlee (1909) recorded later observations. He found it in mother and 
daughter, and in two sisters of another family. It occurs in all races, 
but statements regarding its frequency do not agree. It was found in 
56.3 per cent of one lot of 229 Peruvian skulls. According to Lissauer 
it has a high frequency in Lapps and the East Baltic. The frequency 
appears to be high in Ainu and low in Negroes. It is not pathological 
and is apparently not found in gorillas, chimpanzees or lemurs. Lasker 
(1945) finds it in 30 per cent of living Chinese, usually small; also in 

a Cantonese family in mother, 
daughter and son, not in the father ; 
and in five pairs of brothers. 

Fenestrae parietales symmetricae 
is probably the best name for a 
condition (Fig. 176) in which there 
are two large openings in the pa- 
rietal bones, like eyes in the back 
of the head. They have also been 
called the Catlin mark, from an 
American family in which they 
occur, and there has been much 
difference of opinion as to whether 
they represent enormoUsly en- 
larged parietal foramina. Normally 
the parietal bone frequently shows 
near its upper posterior angle a 
pinhole I mm. In diameter, through 
which a vein passes. It is very 
often missing, sometimes double 
and occupies roughly the position 
of these fenestrae. It is stated that foramina may be present along 
with the fenestrae, and that a large transverse fissure normally ossifies 
so that the foramina are formed. Hence it seems probable that, as 
Goldsmith (1941) contends, the foramina and fenestrae are separate 
structures with independent genetical determination. 



Fig. iy6. Inherited openings in the pari- 
etal bones. (After Goldsmith) (From the 
J. of Heredity) 
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Grieg (1897) found a parietal foramen in 70.3 per cent of 670 skulls; Cave 
found it in 67 per cent of 100 ancient Egyptian skulls, bilateral in 30 per cent. 
Modern Egyptians show essentially the same frequency. In 4228 skulls from 
various sources, Grieg (1917) found that 62.4 per cent had the foramen. 
Hence it is a usual feature of the skull, and its frequency is remarkably con- 
stant in different races. Stallworthy (1932) found it in 75.5 per cent of 310 
Maori and Moriori skulls, bilateral in 29 per cent. 

The fenestrae are generally about 2 cm. in diameter but may be 3 X 5 
cm. They are frequently preceded by a single large opening which becomes 
divided down the middle. In anatomical museums, skulls with these large 
openings were observed over 150 years ago, and Lobstein described a case 
in 1772. They are symmetrical defects in the parietal bones, behind the 
crown and near the junction of the middle and posterior thirds of the sagittal 
suture. In the living head they are covered with skin and dura mater, but 
are clearly shown by X rays. There are no clinical symptoms. Grieg (1892) 
observed the first case in the living in 1889. Later (Grieg, 1917) the same 
condition was observed in the brother. He refers to a case in 1707. 

Sym-mers (1895) described a case in a man of forty who died of pneu- 
monia. His father had the same condition. Early instances were also 
recorded in France, and in 1932 there were about forty-six on record. 
Grieg (1927) discussed the subject more fully and described a case in 
a Negro skull and another in a female Mongolian imbecile. In one, 
only the right opening was present, displaced mesially. Stibbe (1929) 
described a Patagonian skull with small parietal fenestrae and extreme 
frontal shallowness, vStallworthy (1932) a Maori skull with fenestrae 
only 8X5 mm. and 7X7 mm. respectively. Ellis (1938) describes 
a male infant with two openings 2-3 cm. in diameter. The father was 
normal, but the mother had two flattened areas at this place in the 
skull. He cites Caussade, Niemann and Mariot (1937) who describe 
nine cases in three generations of a family. 

Skulls with these openings are found in the collections at Edinburgh and 
Washington. Pepper and Pendergrass (1936), from whom the full literature 
may be obtained, described a white family with 9 cases (4c? 5 9) in four 
generations, strictly dominant, and a Negro family with five cases in three 
generations. They report such a skull in the United States National Mu- 
seum from an Indian burial mound at Palo Alto, California. Such skull 
openings have sometimes been regarded as the results of prehistoric trephin- 
ing, but true cases of primitive surgery are distinguishable by the character 
of the free edge. Moreover, it is improbable that primitive man would make 
symmetrical paired openings such as these. It is evident that this mutation 
has been occurring in different races for thousands of years. Hauck’s (1942) 
family has seven cases. Goldsmith (1945) believes that many supposed cases 
of trepanation in skulls from archaeological sites really represent this heredi- 
tary anomaly. 
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Parkes Weber (1935) cites cases from Egyptian mummies, and others 
in which there are symmetrical ovoid areas of extreme thinness in the 
parietal bones. He describes a case of “large parietal foramina” in a 
boy, his mother and one of her sisters. 

Much the most extensive pedigree of the skull openings was published 
by Goldsmith (1922) of the Catlin family with 16 cases (9cf 7 9) in 
five generations. It is clearly dominant, but with three skips and the 
sexes are equally affected. Voigt (1937) described a family with 
several cases, combined with other skeletal defects, including spina 
bifida occulta. He reported forty-five previous cases, mostly observed 
on the living. Halbertsma (1940) described a Dutch family with five 
or six cases in three generations, again dominant. One female child 
at four weeks showed a T-shaped opening in the back of the skull. 
At sixteen months the transverse part is separate from the vertical 
dumbbell-shaped opening below, and still later the horizontal part was 
divided medianly into two. Goldsmith (1941) deals with the literature 
of the subject. In some families there arc associated abnormalities 
and he records the case of a Mongolian imbecile infant with two large 
fenestrae, and refers to other observations which show that the defect 
sometimes begins in infants as a long transverse opening which later 
divides into two. Its original form may then be elongated, T-shaped 
or in two separate circular windows. 

Cockayne (1933) contends (p. 314) that this condition is really a form of 
aplasia cutis congenita or imperfect skin formation with a circular area of 
hairless skin at birth over the posterior fontanelle of two such areas lying 
side by side. He thinks that Goldsmith’s photograph shows the overlying 
scalp to be hairless. If hairless areas were present in the adult scalp over 
the fenestrae they would surely have been observed and noted, at least in 
the men. Goldsmith speaks of an “elongated concavity” remaining in the 
“median septum.” It is not stated to be hairless, and in the photograph the 
scalp and hair appear to be normal in the regions over the fenestrae while 
the depressed line over the median septum is clearly shown. 

The Inca bone, a triangular bone in the occipital region of the skull, 
is found in all races but is said to be most frequent in the Incas of Peru. 
Matthews (1889) found six cases among eighty-eight skulls of Pueblo 
Indians in Arizona (6.8 per cent). Records from Australians, Tas- 
mani^8 and Caucasians indicate frequencies of 0.64 per cent, 1.2 per 
cent atid 6.1 per cent respectively. It is rarely perfect in Caucasians 
apd there is no evidence as to how it is inherited. It is present in 
some Sinanthropus skulls. Sergi (1886) gives figures of its Vciriations. 
An oblique suture dividing the malar hone into two may reach a fre- 
quency of 40 per cent in Japanese and 9 per cent in Europeans 
(Deniker, 1913). 
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By X-raying the sella turcica in five hundred individuals, Camp 
(1926) found it oval in 58 per cent, round in 24 per cent and flat in 
17 per cent. Gordon and Bell observed that in children the round form 
predominated. The clinoid processes (anterior, posterior and middle) 
also vary in shape. Camp found that in 5 per cent of cases they unite 
to form a bridge. Snyder and Blank (1944), by X-raying 125 individ- 
uals, found 5 cases of bridged sella. They were all in three generations 
of one family, inheritance dominant. The condition appears to have 
no clinical significance in this family, although one suffered from 
migraine. Other studies suggest that a bridged sella is more frequent 
in pycnic individuals; it was present in all affected members of a 
family with the Laurence-Moon-Biedl syndrome in three generations; 
and in other families there is evidence of its association with hereditary 
metabolic and nervous disturbances. 

Dillon and Gourevitch (1934) made a study of the nasal sinuses, 
mastoid processes and the size and form of the sella turcica in twins. 
From comparison of ii MZ and about 13 DZ pairs they conclude that 
differences in the sella are chiefly genotypic, while in regard to the 
nasal sinuses and the mastoid processes paratypic factors predominate. 
In a further study of shape of the sella turcica, Snyder and Blank 
(1945) have X-rayed 100 persons in 24 families. They find 50 per cent 
oval, 41 per cent round, 9 per cent flat. From comparison of parents 
with children they suggest that Mendelian factors are concerned in 
the shape determination. In two families a small sella was found in 
one parent and in some of the children. 

The degree of pneumatization of the mastoid is known to vary widely. 
Dahlberg and Diamant (1945) have measured the size of these cells or 
chambers from X-ray photographs of individuals. They find that 
chronic otitis occurs only in those with small chambers in the bone. 
From a study of 301 children and their parents, as well as 24 MZ and 
44 DZ twins, they conclude that while environment has an effect on 
chamber size, yet the genes for small chambers predispose the individ- 
ual to otitis. 

Non-pathological thinness of the parietal bones is a well-recognized 
condition. Grieg (1926) summarized earlier cases. Camp and Nash 
(1944) cite 1 19 cases, usually bilateral (80 c? 39 ? ), finding a frequency 
of I in 217 heads X-rayed, with a mean age of over fifty years. Carri^re 
found an incidence of l in 406. It has been observed in Maori, 
Moriori, Egyptians and Singhalese. Wilson (1944) describes a case in 
a Chinese and cites the literature. It is evidently a congenital defect 
in many cases, and whether it can develop as a senile condition is 
doubtful. 
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The foramen magnum varies in rats from pentagonal to oblong (Keeler, 
1941). Multiple genes are involved, with oblong as recessive. 

The genial tubercles or spines, on the inside of the mandible in the midline 
can be palpated in the living subject. Thomson (1916) observed them in 
various races and shows that they have no connection with speech. This 
area, to which the genial mu.scles are attached, may be smootli or the two 
superior spines may be replaced by two little pits. These pits may coalesce, 
forming a depression or rarely a fossa. All these conditions serve to increase 
the attachment area. Their inheritance could probably be studied in the 
living. 

Parted frontals with cerebral hernia is an inherited condition in cattle, 
pigs, mice and some breeds of fowls. Shaw (1938) found it as a recessive 
lethal in Holstein-Friesian cattle. In pigs there are indications that the 
abnormal young are resorbed before birth. '^JKeeler (1933) found in a wild 
house mouse a simple recessive gene producing' interf rental, a narrow bone 
between the anterior part of the frontals. Dalquest and Scheffer (1944) have 
observed a similar condition (internasal bone) as a local mutation in a 
species of pocket gopher. 

The metopic Jontanelle is a developmental abnormality of the skull. 
In the human foetus of less than five months the frontal arm of the 
bregmatic fontanelle reaches forward below a line connecting the 
frontal tuberosities. Its lowest portion, the metopic fontanelle, persists 
until birth and early infancy in 15 per cent of children. Schultz (1929) 
describes these conditions and points out that the metopic fissure 
remains in various mammals and in human races. In North Chinese 
the frequency of this fontanelle is 9.1 per cent, in Japanese 6.2 per cent, 
in Filipinos 0.3 per cent. It is not due to increased intracranial pres- 
sure, but is probably the result of a hereditary tendency to arrested de- 
velopment in the lower mid-sagittal region of the frontal bones. 

Depression of the obelion (the region of the lambda at the line of 
fusion of the occipital and parietal bones) at the back of the skull is 
inherited in two pedigrees. Milles (1928) cited a family with 16 cases 
(10 cf 6 9 ) in four generations, in which the depression varied in depth, 
the skull being shaped like a helmet at the back. She cites Stocks’ 
family with 12 cases (Sc? 4 9) in four generations. The condition is 
dominant, but the sibships numbered 1 1 affected : 24 normal. Good- 
man (1915) described two children of the same mother who had a 
depr^ion in the temporal region. One afterwards outgrew it. Usually 
the parietal bones, but sometimes the temporal and occipital, are 
affected. 

In an estimate of the frequency of Umer skull, Jensch (1942) found 
six cases among 1658 polyclinic patients in Germany, but none in the 
normal population. He calculated the frequency to be 0.2 pet cent 
in the psychiatric population. A total of 82 probands were found, of 
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whom 9 (ii per cent) were twins, indicating an influence of crowded 
conditions in utero. Ten cases showed inheritance, but the manner of 
inheritance is not clear. Sixty-six came from psychiatric families and 
in 75 per cent there were other dysplasieis besides tower skull. 

Keller (1941) describes two cases of spherocephaly in rabbits and discusses 
problems of development with special reference to Spemann’s organizers. 
The spherocephaly arose from derangement of the head organizers, so that 
the brain and sense organs developed under reduced influence of these 
organizers from the earliest stages. The genesis of typical head-malforma- 
tions in the higher vertebrates arises from similar derangements in the 
determination mechanism, the normal development of the brain and sense 
organs being dependent on the formation of normal head-organizers. 

That various conditions can produce scoliasis (curvature of the spine) 
is well known. I have seen the records of a pair of identical twins, 
one of whom developed scoliasis which made considerable changes 
in her physique. It is not so well known that scoliasis can be inherited. 
Garland" (1934) records a family in which the inheritance is dominant 
with one possible skip in five generations. There were 9 cases (5 cf 4 9 ), 
the sibships numbering 8 or 9 affected : 10 normal. The pattern of 
the deformity was remarkably constant, with resulting distortion 
of the thorax. Radiograms show no structural defect in the vertebrae 
or intervertebral discs and there was no disease of the nervous system. 
This appears to be the first pedigree of the Mendelian inheritance of 
scoliasis, but Tubby in 1896 {Deformities, p. 104) considered heredity 
to be common in scoliasis and cites two families, each with several 
affected members. Rutherford (1934) also recorded scoliasis in grand- 
mother, mother and daughter. There was no rickets, and generations I 
and II lived in the country, generation III (6 children, 5 unaffected) 
in the city. 

Scoliasis often appears as a secondary effect of other deforming genes. 
In a pedigree of Weissenberg (1928), a Jewish family in the Ukraine 
showed four cases of scoliasis in two generations. The vertebral column 
Wcis bent to the right and the inheritance appears to be that of a domi- 
nant with low penetrance. 

Stone and Henriques (1917) described (o) absence of coccyx, as a 
variation, (6) short coccyx, (c) absence of the condyles of the right 
femur at birth. The last was due to syphilis and developed normally 
after treatment. 


Variations in the Vertebral Column 

Many variations in the vertebrae have long been known. In an 
anatomical study of the vertebral columns of eighty-two Bantu, for 
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example, a remarkable abundance of abnormalities was found by 
Shore (1930). Variations at the lumbo-sacral junction were less com- 
mon than in Australian aborigines but more common than in Euro- 
peans. In seventeen columns the thirtieth vertebra was added to the 
sacrum — a higher frequency than in Europeans. Spina bifida was 
present in fifteen columns (18 per cent) and spinous processes were 
absent in sixteen cases. Other abnormalities were cervical ribs, 
abnormal lumbar transverse processes and division of the lamina. 

Recent work, using X-ray photographs, has made it possible to 
group these variations together from the point of view of inheritance. 
Kiihne (1931) studied such records of the vertebral column for 
10,000 persons and especially for 23 families containing 121 persons. 
In the vertebral column no two vertebrae are exactly alike and the 
“normal” number may range from 32 to 37. As the vertebrae are 
formed by segmentation of an originally continuous structure, they 
may be expected to show rhythmical waves of change from one end 
of the column to the other. The whole column is in this sense a unit 
of continuous change, with more marked breaks at the four critical 
points. The column segments into somites with metameric muscles 
and spinal nerves. When the early embryonic processes of the nerve 
plexus for the arms and legs appear, this involves changes in the 
vertebrae concerned. Generally the condition is 
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Fig. J77. Diagrams of the vertebral columns in a family. (After 
Kuhne) 
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It is found that the significant variations occur at the border lines 
between one type of vertebra and the next. As shown in Fig. 177, 
the various types of vertebrae are determined mainly (as regards their 
variations) by their various attachments. These are represented by 
arrows on the right or left side at the four border lines. If, for instance, 
the first thoracic vertebra shows (on one or both sides) certain features 
of a cervical vertebra, then the variation at that point is cranialward. 
If, on the contrary, the last thoracic shows features of a lumbar, then 
the variation is caudalward. In this way all variations at the four 
border lines can be classed as cranialward ( -f ) or caudalward ( -f ) 
variations. Generally in one spinal column all the variations will be 
in one direction or the other, although there are exceptions to this. 

Thus in Fig. 177, the grandmother (a) showed a tendency to shift the 
cervico-thoracic boundary in the cranial direction, and a similar tendency to 
shift the thoraco-lumbar border in the same direction, as shown by the 
reduction of the ribs on the nineteenth vertebra. The daughter shows the 
same tendency at the cervico-thoracic, the thoracico-lumbar and on the left 
side at the lumbo-sacral border. Her husband was “normal,” showing 
neither cranialward nor caudalward shifts. Of their two daughters, c shows 
a cranialward shift at all four border lines, while d shows the same at the 
two upper points. The cranialward variation in d is shown at the cervico- 
thoracic border by the presence of a large neck rib, and at the thoracico- 
lumbar border by strong reduction of the last rib, as in the grandmother. 
According to Rosenberg, in the human embryo the future first lumbar 
vertebra normally forms a rib, which is then absorbed, leaving a transverse 
process. The last cervical vertebra also forms a rib-like structure, which is 
free until late childhood when it unites with the vertebra to become a trans- 
verse process. 

Kiihne found that the inheritance of all these variations could be 
explained in all families by the assumption of one pair of alleles, Cr 
representing the tendency to cranialward variations and cr the caudal- 
ward tendency, determined at the time of the original segmentation. 
This apparently formal explanation nevertheless links together a vast 
amount of detailed observation of inheritance of variations in the 
\'ertebral column. Every individual will be either CrCr, Crer or crer 
as regards his vertebral constitution. Cr ( |) is dominant to cr (-f ), 
but shows incomplete penetrance. What is regarded as the normal 
condition is thus a balance between these two genic effects, so that 
about 50 per cent of “normal” individuals will be crer and about 
50 per cent CrCr or Crer. The intensity of the cranialward variations 
is greater in homozygous CrCr than in Crer individuals. Kuhne’s 
pedigrees also show that most “normals” may be Crer and that these 
heterozygotes show less expressivity than the homozygous CrCr. 
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Furthermore, the homozygous recessive, crcr, shows higher penetrance 
than Crcr, and no “normal” (non-penetrating) crcr individual has 
been found. 



Fig. iy8. Diagram of the vertebral columns in another family. (After Ktihne) 

In a later paper (Kiihne, 1936) these views are supported by a full 
study of 108 pairs of twins, 53 of them monozygotic. One case may 
be taken as an example of this study. Figure 178 is a diagram of a 
family, showing the caudalward (crcr) variations of the father, the 
mother being Crcr. The MZ twins are crcr like the father and the 
daughter is Crcr like the mother. The twins are alike except for the 
failure of the caudalward tendency to appear on the right side at the 
lumbo-sacral border in one twin. The exact vertebral conditions at 
the different border lines in both twins are shown in Fig. 179, the 
abnormal points being shaded. The main features, all pointing caudal- 
ward, are (i) in both twins the transverse processes on the seventh 
cervical are definitely small, whereas in a cranialward variation they 
would form cervical ribs, (2) in vertebra XX (the first lumbar) a small 
pair of ribs 12 mm. long is present in one twin, (3) vertebra XXV on 
the lumbo-sacral border is definitely lumbar on both sides in one twin 
but is sacral on the right side in the other, (4) both twins show spina 
bifida occultar of vertebrae XXV and XXVI, (5) vertebra XXX is 
attached to the sacrum in both. 

Through minimal expressivity or failure of penetrance of the allele 
a Crcr individual, or even possibly one who is crcr, may appear pheno- 
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typically normal. Unselected material in Berlin gave 58.5 per cent 
cranialward and 34.2 per cent caudalward variations. Dividing the 
7.25 per cent “normal” among the other two gives a frequency of 
63.1 per cent -f and 36.9 per cent \ , or roughly nearly 2:1. Of the 
52 pairs of MZ twins, 29 are -f -f , 19 f 'f . In one pair, one twin wan 
normal, the other showed cranialward variation. The normal one 
was a latent •f showing lack of penetrance. Thus in the identical 
twins there was nearly 100 per cent concordance, while in 55 pairs 
of DZ twins about three-quarters showed concordance. In homozy- 
gotes the expressivity is increased about 50 per cent over that of 
heterozygotes. 

R EZI L R EZII L 



Fig. i^g. Drawing of the vertebral columns of the twins 
in Fig. 178. (After Kiihne) 


The so-called normal condition thus arises from failure of penetrance, 
which is equal for both cranialward and caudalward variations. Only 
genetic analysis can determine to which group a particular normal 
belongs. The genes Cr and cr are also polyphanic (or pleiotropic), 
affecting not only the vertebral column but the peripheral nervous 
system, musculature, blood vessels and most of the organs in the 
thorax and abdomen, so it would be impossible to find a more funda- 
mental genic difference. Cr can be regarded as an accelerator and 
cr as a retarder of development. The origin and morphological signifi- 
cance of all this variability can thus be explained by the pre- and 
postnatal ontogeny of the regional boundaries of the vertebral column. 

Steiniger (1938), in a further study of vertebral columns and tail reduction 
in vertebrates, points out that the normal number of presacral vertebrae is 



486 


HUMAN GENETICS 


24. It may be 23 in the cranialward variation (Cr) and 25 in the caudalward 
(cr). He finds racial xlifferences in the frequency of these genes, cr being 
stated to be more common than Cr in Czechs, Russians and Japanese. He 
goes further, and assumes that the tendencies represented by Cr and cr are 
determined by biochemical (hormonal) differences in development which are 
perhaps postnatal in origin. Cr and cr are fundamentally concerned in 
determining the segmental structure of the whole body. He suggests that 
Cr generally produces the broad (eurysomic) type of body build and cr the 
slender leptosomic type, even determining the correlation found between 
body build and psychic condition. Whether the theory will bear this added 
weight of hypothesis remains to be seen, but at any rate the simple assump- 
tion of one pair of genes is sufficient to account for all the cranialward and 
caudalward variations usually found in the human axial skeleton. Frede 
(1934) has applied the same principles to variation in the vertebral column 
of the rat, including variations in the brachial and the lumbo-sacral nerve 
plexus. Lanier (1944), applying Kiihne’s methods, found no difference in 
vertebral types between whites and Negroes. In 559 subjects, l.i per cent 
showed cervical ribs and 8.8 per cent lumbar ribs. 

Green (1941) studied variations of the vertebral column in different strains 
of mice, involving extra ribs at the thoraco-lumbar border. These variations 
are found in many mammals and probably occur in all. Inbred mice stocks 
were found to differ in their skeletal types, about 50 per cent of the factors 
acting over the thoraco-lumbar and lumbo-sacral borders, the rest having a 
more restricted action. Green (1939) crossed two families of rabbits, one 
having twelve pairs and the other thirteen pairs of ribs. In the Fi about 
84 per cent had twelve pairs. The F2 and back-crosses gave results closely 
resembling single factor segregation. Another back-cross gave less definite 
results. Extra presacral vertebrae, the number of ventral spinous processes 
and of sternebrae (segments of the sternum) are associated variations which 
may all be determined by a complex of genes. In a further study of the 
vertebral column in rabbits, Sawin (1945) finds evidence in one family of a 
gene producing extra skeletal units at the thoraco-lumbar and the lumbo- 
sacral borders. In another family the inherited differences were at the 
thoraco-lumbar border only, and in a third at the lumbo-sacral border only. 
These inherited variations are produced by genes affecting localized em- 
bryonic areas and the number of such factors may be large. By a study of 
rabbit embryos belonging to two strains which differ in rib number, Baum- 
gartner (1945) finds a difference in the time of onset of the ossification 
centres governed by one pair of genes, difference in rate of ossification by 
several, and regional differences controlled by a number of other genes. 

Vertebra plana is an apparently rare condition described by Calv6 
in 1925. Usually a single vertebra is affected. Beginning in early child- 
hood, necrosis of the vertebral body takes place in about two months. 
Then it slowfy regenerates over a period of eight years or more. Only 
about seventeen cases have been certainly recorded. Heredity has 
apparently not been suggested as a cause, but it is difficult to imagine 
any other which would produce such a circumscribed effect. Massaro 
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(1945) describes a Ccise with skiagrams and references to the litera- 
ture. 

Spina bifida is a well-known defect of the spinal column, but little 
has been known of its inheritance. Frogs’ embryos not infrequently 
show spina bifida, and as early as 1894 Morgan (1903) produced this 
condition by treating the fertilized eggs with lithium chloride. Hertwig 
(1896) found that 0.7 per cent sodium chloride delayed gastrulation 
twenty-four hours, leading to a duplication of what we would now 
call the organizer, so that all the embryos showed spina bifida. Baldwin 
(1915) afterward produced spina bifida invariably in frog embryos 
by killing with ultraviolet light a small area of the yolk hemisphere 
or of the equatorial region in the fertilized egg. As a result, the back- 
ward growth of the dorsal lip of the blastopore is retarded and the 
two lateral halves of the neural tube fail to fuse. Thus very different 
physical and chemical agencies can produce the same result. How the 
gene for. spina bifida produces its effect is unkfiown. 

The anatomy of this condition is considered in some detail by Keiller 
(1922). Myers (1930) described twin girls and another child, all with 
spina bifida, in one sibship, a fourth child being normal. Shamburov 
(1932) described twenty-three cases, each with a short pedigree of 
two generations. He finds that spina bifida occulta is the heterozygous 
condition, of which sp. bifida aperta (or sp. bif. cystica) is the homozy- 
gous counterpart. It is generally fatal in infancy. The occulta condi- 
tion may be due to irregular ossification of the vertebral arches or 
dysplasia of the spinal cord, generally in association with dysplasia 
of the brain. 

It has been connected theoretically with the assumption of an erect 
position and with the loss of a caudal appendage. This does not explain the 
cases accompanied by nervous derangement which render the bearer an 
invalid. The most probable view is that failure to close the bony canal 
(which is normally completed at about seven years) is closely related to 
irregularity in the formation and closure of the medullary tube. This 
accounts for the accompanying defects in the nervous system. The primary 
defect can be sought in the nervous system, spina bifida being an expression 
of a local (sacral) trophic insufficiency. Galloway (in Fouch6 1937) finds 
spina bifida remarkably frequent in South African Negroes and regards the 
condition as a reflex of their hybrid constitution. 

In childhood, incomplete arches of the lumbar vertebrae are frequent 
and may even be as high as 50 per cent. Spina bifida is more common 
in males than females. The heredity is thus partly sex-limited and is 
under the influence of other hereditary factors. Its occurrence can 
be influenced both by environmental and internal factors. The condi- 
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tion is frequently stated to be accompanied by enuresis nocturna in 
childhood, but according to Morrison (1944) it has been proved that 
there is no relation between spina bifida occulta and bed wetting. The 
inheritance of the latter condition was studied by Petrovsky (1934). 
Frary (1935) concludes from many short pedigrees that it is a simple 
recessive. She studied Ii3cf 81 9 cases of ages three to eighteen and 
over twenty years, but mostly between six and twelve years. Six 
family trees are given. The severe type of enuresis was present in a 
pair of MZ 9 twins thirteen years of age. Environmental influences, 
especially the attitude and intelligence of the parents, are considered 
secondary but important. From a series of cases of narrowing of the 
spinal canal, Sarpyener (1945) concludes that it is responsible for many 
cases of enuresis as well as clubfoot, spastic and flaccid paralysis, due 
to compression of the spinal cord. Shulman (1942) records two succes- 
sive sibs with spina bifida cystica and meningocele in one family. 
The frequency of spina bifida cystica has been estimated at l in 
1000 births. 

Estimates of the frequency of spina bifida range from 3.5 to 24 per cent, 
Curtius finding 17.3 per cent while Schwarzweller (1937) X-rayed 1000 
vertebral columns and found 144 cases, or 14.4 per cent. Claussen (1939) 
states that spina bifida aperta is found in ca. i newborn baby per 1000 and 
sp. b. occulta in ca. 50 per cent of newborn and 16 per cent of adults. In 
^hamburow’s X-ray studies of families he found 70 persons affected out of 
1 19, or over 50 per cent. The probands were found by X-raying persons in 
hospital with lumbo-ischial pain. Saunders (1943) describes a case of com- 
bined anterior and posterior spina bifida and classifies thirty-seven cases. 
This condition is ascribed to a cleft notochord accompanied by endo- 
ectodermal adhesion. 



Syndactyly 
Spina bifida aperta 

' Spina bifida occulta 

Fig. 180. Pedigree of spina bifida and syndactyly, modified. 

(After. Weidenmuller) 

A family (Fig. 180) in which spina bifida was present with syndactyly 
was studied by Weidenmiiller (1936). There were four cases of spina 
bifida and five of syndactyly in three generations. The latter was a 
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simple dominant and consisted in the webbing of toes II and III. 
Spina bifida occulta was present in II. 1 1, spina bifida cystica thoracica 
in III. 7, acrania with hemicephaly, spina bifida cystica and hydro- 
cephalus intemus in the twin III. 6, and partial rachischisis in III. 8, 
together with clubfeet and hydrocephalus internus. From the work of 
Bagg and of Bonnevie {q.v.) on inherited bleb formation in X-rayed 
mice, Engel concludes that various similar defects in man arise as bleb 
disorders. A recent discussion will be found in Hobbs (1944). He 
cites familial cases of spina bifida associated with lacunar skull and of 
spina bifida with anencephaly and hexadactyly. 

By rachischisis is understood congenital fission of the spinal column 
(i.e., the failure of the axial skeleton to close), spina bifida being a 
terminal form of rachischisis. The various types of failure to close 
the spinal column are regarded as aspects of the status dysraphicus 
and were attributed by Weidenmuller in the above family to alcohol- 
ism. The closure which fails in rachischisis normally takes place in 
the second or third week in utero. The conditions observed show con- 
siderable variation, and while the occulta and aperta forms of spina 
bifida appear to represent respectively the heterozygous and homozy- 
gous forms of sacral spina bifida, it is not yet clear whether the cystica 
form represents the same gene or an allele in homozygous condition. 
The earlier failure represented by rachischisis may be determined 
by another allelic gene. In a further discussion of these conditions, 
Waldmann (1938) cites four other small pedigrees and points out that 
they are often accompanied by other inhibitions of development and 
growth of the mesodermal skin-muscle plate in the region of the back 
and the abdomen, resulting in umbilical hernia. 

Schwarzweller (1937) has studied the relation of spina bifida, scoli- 
asis, synostoses and high shoulder blade (Sprengel’s deformity). In 
the last condition there is dislocation of the scapula by retraction of 
the levator anguli and the upper part of the cucullaris muscle. Eulen- 
berg described three cases in 1863, Grieg (1924) discussed the anatomy 
of congenital high shoulder blade and brevicollis, and Aschner (1928) 
concluded that congenital high shoulder blade is an inherited recessive 
pathological condition. It is nearly always accompanied by other 
hereditary defects belonging almost exclusively to the mesoderm and 
is especially common with the above-mentioned malformations of the 
spinal column. Schwarzweller thinks they are all determined by the 
same hereditary gene. In nine families with scoliasis, in which 43 per- 
sons were X-rayed, he found 15 cases of spina bifida, 4 of synostoses, 
25 of scoliasis, euid 8 of other vertebral anomalies, 6 also having high 
shoulder blade on one side and 3 on both sides. In one family, a 
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brother and sister had high shoulder blade on both sides with cervicai 
vertel)ral synostoses. The frequency of spina bifida in these families 
was 34.9 per cent, against 15.8 per cent in the general population. 
Synostoses generally occur with a frequency of i in 1050. Gottesleben 
(1927) has a pedigree of high shoulder blade on one or both sides, 
with 9 cases (4 cf 5 9 ) in three generations, the inheritance strictly 
dominant, sibships 9 affected : ii normal. Braun (1939) records a 
pair of MZ female twins, both having scoliasis and a foot deformity, 
one only with luxation of one femur. 

Bonnevie (1936) described a recessive mutation in mice, causing a cleft 
in the neural tube, such as spina bifida, rachischisis or cranioschisis. The 
primary effect was probably a delay in the separation of the germ layers. 
This delayed the development of the mesoderm, while the ectodermal 
derivatives (neural tube and brain) grew faster and became contorted. 
From this evidence, all the similar conditions in man may be due to a single 
gene. 

Scapular Shape 

Variation in scapular shape has been much studied, but its interpre- 
tation is still somewhat controversial. Dwight recognized in 1887 
that the vertebral border below the scapular spine might be straight, 
convex or concave. Graves (1910) showed that these differences could 
be recognized in the living, and classed the straight and concave 
borders together as scaphoid, in contrast to the convex. He also found 
the scaphoid type in syphilitic children. In later studies (Graves, 
1921) these three scapular types were found in many modern and 
ancient racial groups. The straight and concave were found to have 
many features in common and to make up nearly half of the dissecting- 
room material with an average age of fifty years. 

The scapula begins to ossify toward the end of the second foetal 
month but it only reaches maturity in the twenty-fifth year of life. 
It is regarded as the most variable large bone in the human body. In 
foetal life it is always convex (Fig. i8ia) and almost hemispherical. 
According to Hrdlicka (1942b), differentiation into other forms begins 
about the fifth month, and later the straight and concave forms appear. 
Figure i8ia shows skiagraphs of the scapulae of six foetuses, 280 days 
gestation. The original convex form is clear, as well as the later form, 
which may be convex, straight or concave in different combinations. 
Figure i8ib shows the various scapular type combinations in six adult 
individuals. From a study of age changes in 139 pairs of scapulae 
of white males ranging from eighteen to eighty-eight yearS; of age, 
and other studies of white and negroid scapulae at the Hamann 
Museum, Graves (1922) concluded that ossification and atrophic 
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processes both occurred in the scapula during this period. From 
further studies which included 18,457 living and 2772 dead persons 
of various ages, Graves (1924) concluded that each scapular type 
was hereditarily determined, and by observations on families in thre(' 



Fig. i8ia. Skiagraidhs of the vscapulae of six foetuses. (Photo from Dr. W. VV. Graves) 

generations he found that the type of scapula usually depended on 
the parental types but that occasional diseavSe might alter such inher- 
itance. He developed the age-incidence principle of investigation and 
concluded that, on the whole, those with a convex scapula were longer 
lived than those with straight or conceive scapulae. The frequency 
of the convex type was found to increase while the straight and concave 
types dccR'ase in successive age periods from birth to old age. Such 
a principle, if inherited differences are involved, would be important 
as showing a selective process at work in favor of the convex scapula. 
This process, if long continued, should show a tendency to the elimina- 
tion of the less ffivorable scapular types. The possibility that with 
age one scapular type changes into another was also considered; but 
the conclusion was reached (a) that the scaphoid does not change into 
the convex after about the tenth foetal week, Find {b) that the scaphoid 
is more often found than the convex in the ‘^plus-potcntially sick, the 
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shorter-lived of the race.” A particular scapular type was recognized 
as only a part of the individual’s inheritance, and hence as a conditional 
and not an absolute index of constitution. This is also shown by the 


Fig. i8ib. Scapulae of six adults. (Photo from Dr. W. W. Graves) 


fact that any combination of the three scapular types can occur in 
one individual. Although the scapular types can be recognized in 
the living, no observations have yet been made, to follow the inher- 
itance of any particular type through successive generations. It is pos- 
sible that the genes determining scapular shape may have pleiotropic 
effects, and that selection acts on some of these rather than on the scap- 
ula itself. 
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The statistics from various workers in the United States, Germany 
and Austria clearly show an increase in the age-incidence of the convex 
type of scapula. Extensive unpublished material kindly supplied by 
Dr. Graves shows large differences in incidence between school children 
and old people, but opinions differ as to whether this results from a 
selective process or from a functional transformation in the shape of 
the bone. In 3598 school children aged six to fifteen years, only 
36.44 per cent were of convex type, while 2467 people from Old People’s 
Homes, aged sixty to eighty, showed 67.45 cent convex. It was 
also found (Graves, 1931) that when healthy groups, such as high- 
school and university students and soldiers, were compared with 
various sick groups (tuberculous, insane, feebleminded and prisoners), 
the corresponding age periods show from 1.25 to 2.25 times as many 
convex scapular types in the former as in the latter. 

A study of 1200 mature scapulae shows that the concave and straight 
types have twelve or more other features in common, contrasting with the 
convex type. Similar types have been found not only in ancient and modern 
human stocks but in the gorilla, orang, chimpanzee, lemur, armadillo, bat, 
etc. The right and left are not, however, always of the same type, although 
all types are found in different occupations and in both sexes. Further 
statistics on the subject are given in Graves (1932). Tabulation of some 
60,000 persons shows that scaphoid types predominate in the young, and 
convex types in the old. From the twelfth week to ten years there are ca. 
20 per cent convex, at ages seventy up ca. 80 per cent convex. To prove that 
the shape of the vertebral border of the scapula is an inherited variation, 
however, requires family pedigree studies such as have not yet been made. 

Frey (1924) controverted the conclusions of Graves. She first 
expressed the view that the size of the infraspinous process of the 
scapula is related to its function, being broader in men than women 
and in strong-muscled than in weak-muscled men, small in men of 
occupations requiring little strong movement and very broad in 
occupations using the attached muscles of the back. Regarding the 
vertebral margin, she found it generally straight or concave, but 
convex in occupations requiring little muscular effort. She regards 
the scapular shape as an adaptation, the vertebral margin especially 
not being completed until the twenty-fourth or twenty-fifth year. 
The scaphoid scapula is not, in her view, a sign of degeneracy, but 
depends on muscular development and occupation. 

Kerr (1928) made observations on the scapulae of 546 Chinese of 
ages fifteen to seventy-eight, using palpation and X rays. He found 
that 47.2 per cent were convex, 35.4 per cent straight and 17.4 per cent 
concave, and he confirmed Graves in finding a definite decrease in the 
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incidence of the scaphoid type in each succeeding decade of age. This 
was interpreted as a higher death rate among those with scaphoid 
scapula, but tuberculosis was found to be as frequent in persons with 
convex as with scaphoid scapulae. 

Schultz (1930), in an extensive comparison of the skeletons of the higher 
primates, found that the scapula in gorillas was as variable as in man, both 
as regards the shape of the fossa supraspinata and the vertebral border, 
which may be convex, straight or concave. He finds the scaphoid types of 
scapula quite common in gorillas and disagrees with Frey’s conclusion that 
scapular shape is entirely a result of functioning. The scapula of the moun- 
tain gorilla, G. Beringei, already differs from that of the lowland gorilla in 
infancy, the latter having a convex border as in the human foetus, while in 
G. Beringei the vertebral border has a characteristic irregular shape in all 
five adult specimens examined. 

Hrdlicka (1942), in a series of three papers, has surveyed the scapular 
variations, dealing particularly with American white, Negro, Indian, 
Eskimo and Aleut scapulae, as well as Egyptians and Pacific Blacks. 
He measured 3060 adult scapulae. His types 6, i and 3 correspond 
respectively with convex, straight and concave. He finds a larger 
proportion of type i (straight) in females, and slightly less of type 6. 
During the growing period all indices diminish with age, indicating 
that the scapula grows more in length than breadth; but in females 
it remains relatively broader, hence more infantile, and absolutely 
smaller in dimensions. He finds ^^no conclusive sign of the earlier 
elimination^* of individuals having the concave type and regards this 
type as a normal more or less aplastic condition of the vertebral border 
due to less development of attached muscles, perhaps caused by weak- 
ness of these muscles or by some peculiarity of trophic innervation. 
He believes that, due to muscular demands, the concave type may 
change during life to nearly straight, but that in the less robust and 
active it may persist throughout life. He holds that the convex type 
(6) decreases steadily in frequency with age, but Graves’ statistics 
appear to show the contrary. Hrdlicka finds that the straight type 
increases while the concave type remains much the same. He agrees 
that the concave type, though it may disappear ‘Vithin the life of 
the bone,” may be due to ^^inherent causes.” 

Hrdlicka also concludes that the great variability in the superior border 
of the scapula, in which the notch may be rounded or saddle-shaped, is 
related to muscular activity. In Eskimo and Alaskan scapulae he found 
eleven instances of a foramen piercing the flat body of the bone, in some 
cases bilateral. In a white baby, both scapulae showed no depression of the 
superior border, and in a Negro baby the scapulae lacked completely the 
superior angle as well as the superior border. Hrdlicka found no significant 
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racial differences in the scapula and concludes that the bone is almost 
entirely a muscular product, all its features changing with age. 

In an extensive racial study of the scapula, Vallois (1932) finds the 
concave type characteristic of Europeans and rare in other races. He 
attributes the lesser frequency of this type in adults than adolescents 
to the development of an ossification centre at ages twenty to twenty- 
five years which causes the disappearance of the concavity. 

From all the evidence, one may perhaps conclude that scapular 
types may be inherited and that the concave type stands apart from 
the others as an indication of constitutional weakness. That it can 
change functionally into the straight type is not proven by observation. 
Its manner of inheritance remains to be determined by studies of 
families and their development through three generations. 

That diet may have some effect is shown by the work of Warkany and 
Nelson* (1941), who found that when rat mothers are reared on a certain 
deficient diet the young show multiple skeletal abnormalities — shortening 
or absence of tibia, fibula, radius, ulna and bones of the feet; syndactyly, 
shortening of the mandible, fusion of ribs, and various deformities of ster- 
num, maxilla, clavicle and scapula. In a further paper, Warkany (1944) 
shows that in rats various defects in the young result from a deficiency of 
vitamin A or D in the pregnant mother. Warkany, Nelson, and Schraffen- 
berger (1943) find that the skeletal defects begin at the cartilaginous or 
precartilaginous stage. Lack of longitudinal and transverse cell divisions 
in the cartilage leads to reduction in the number of skeletal elements and to 
syndactyly and brachydactyly. 

Funnel chesty cobbler's breast, pectus excavatum or Trichterbrust 
is an inherited condition which was formerly supposed to result from 
an occupation such as that of the cobbler stooping over his last. It 
was described by Bauhin in 1594 and consists in a depression of the 
lower end of the sternum, which may be congenital but usually arises 
later. It varies considerably and mild degrees of it are common. The 
depression of the sternum generally takes place gradually, and even 
when the heart is displaced and flattened there may be no symptoms 
or discomfort. In other cases palpitation and shortness of breath may 
result, but operation promptly relieves the symptoms. 

Cases are described by Edeiken and Wolferth (1932). A lad of seventeen 
who was born with this hollow in his chest was described by Williams 
(1872). W. von Ebstein (1882) gave it the German name and reported five 
cases in the literature. Carr (1933) described the cardiac complications. 
Troisier and Monnerot-Dumaine (1930) produced two pedigrees of funnel 
thorax, with ten cases in four generations of dominant inheritance. In one 
family a short metacarpal was also inherited. Peiper (1922) first showed the 
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dominant inheritance, with a family having 7 cases (tcT 39) in three 
generations. Nowak (193H) gives twelve short pedigrees with 33 cases in all 
( 20 d^ 139), inheritance dominant but with three skips. In examining 
30,000 Vienna school children, 12 cases were found, a frequency of 0.4 per 
cent. 

Snyder and Curtis (1934) described a family in which 8 cases 
(40^ 4 9) occurred in three generations. It was dominant except for 
one skip, the father in this case having an extremely flat chest. The 
depression was trough-shaped and just to the right of the midline 
(Fig. 182). They suggested the name koilosternia or hollow chest and 



Ftg. 182. Two views of funnel chest or koilosternia. (After Snyder and Curtis) 
(From the J. of Heredity) 

from blood-group tests concluded that it was probably independent 
of AB but might be linked with MN. Stoddard (1939) described a 
large pedigree in Idaho with 49 cases (300^ 199) descended in four 
generations from seven original cases. There were two degrees of the 
condition, a slight or a deep depression in the midline, but all aflfected 
individuals were apparently heterozygous and the inheritance was 
dominant without a skip. The gene may be an allele of that in Snyder 
and Curtis’ family. The condition is evidently common enough so 
that it could be much used for linkage studies. Sweet (1944) describes 
two sisters with funnel chest, one so extreme that the tip of the sternum 
toiich(Hi the vertebrae*. 


SKELETAL ANOMALIES 


497 


Three simiiarxcises of shoulder luxation in a family are recorded by 
Valentin (1931). Jordan (1935) records the case of a man with no 
sternum. He was a Syrian, his relatives normal so far as known. 

Congenital subluxation of the acromioclavicular joint is recorded by 
Grieve (1944). In medical examination of air crews, six cases, all 
bilateral, were discovered, and two earlier ones are cited. In one, the 
father and in another a brother were known to be similarly affected. 
The condition is probably dominant., The clavicle is raised above the 
acromion, probably because the conoid and trapezoid ligaments are 
hypoplastic and elongated. In another case the acromion was deformed 
on the right side, the right clavicle being hooked. This condition was 
also present in the father and five of his brothers. 

Pelvic Shapes 

Sir William Turner (1885) introduced the terms dolichopellic, mesati- 
pellic and platypellic for the shapes of pelvic inlet. A pelvic index 
(anteroposterior -i- transverse diameter) above 95 being dolichopellic, 
and below 90 platypellic. From measurements of different races 
(chiefly males) he concluded that Australians, Bushmen, Hottentots, 
Kaffirs, Andamans and Malays were dolichopellic; Negroes, Tas- 
manians, New Caledonians and probably Melanesians were mesati- 
pellic; Europeans, Mongolians and Amerindians platypellic. While 
male Bushmen were dolichopellic, the females were platypellic, and 
in all races the females were more platypellic than the males. He 
(1886) made a similar racial classification of sacral indices. Later the 
conception became general that in European women the transverse 
oval (platypellic) type was normal. Recent studies by means of 
X rays show wide variations in the shape of the birth-canal, with the 
platypellic type by no means the most common. 

Recently Caldwell and Moloy (1938), in an X-ray study of the 
female pelvis in relation to childbirth, recognize (Fig. 183) four types 
of female pelvis, with a series of intermediates. The dolichopellic 
(long and narrow) they call anthropoid, the flat platypelloid, and they 
recognize two intermediate shapes, gynecoid (normal) and android, 
the latter resembling the male pelvis in having a more or less wedge- 
shaped inlet. They found that the shape of the pelvic inlet could not 
be accurately determined by the ratio between the conjugate and the 
widest transverse dieimeter. A pelvis with platypellic index may be 
of true flat form or android (wedge-shaped), and variatiohs in the 
sacrum also affect the pelvic outlet. Thoms (1937) used the four terms 
dolichopellic (anteroposterior exceeding the transverse diameter of 
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the inlet), mesatipellic (transverse diameter equals or exceeds by no 
more than i cm. the anteroposterior diameter), brachypellic (trans- 
verse diameter exceeding anteroposterior by 1. 1-2.9 cm.), platypellic 
(transverse diameter exceeding anteroposterior by 3 cm. or more). 



Fi^. 18 j. The four classical types of female pelvis. (After 
Caldwell and Moloy) 


Greulich and Thoms (1939) measured 582 primigravid women in 
hospital, from X-ray photographs of the pelvis, and compared 
100 nurses. They found no constant relation between the type of 
pelvic inlet and various bodily measurements and proportions. The 
frequencies of these four types were studied (Caldwell and Moloy, 
1939) from the Todd collection of female pelves at Western Reserve 
University. They found the gynecoid type most frequent, with ca. 
40 per cent in negro and white women, the platypelloid rare (l-2 per 
cent) in both. The anthropoid type is more common in Negro women, 
as Turner pointed out. The android type is more frequent in white 
women. The platypelloid type is rare, but twice as frequent in white 
as iij Negro women. 

Greulich and Thoms (1938a) measured the dimensions of the pelvic 
inlet from X-ray studies of 789 white females. They found that antero- 
posterior flattening to produce the dolichopellic type is normal in 
girls, and most common in better nourished women. The platypellic 
type tended to be produced by unfavorable conditions and it makes 
for harder childbirth. In a fuller study (1939) they classified 793 white 
wojnen at the hospital in New Haven, finding 82 per cent of girls. 
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but only 37 per cent of clinic women, clolichopellic, the nurses l)eing 
73 per cent of this type. 

It is thus clear that the clolichopellic rather than the platypellic: 
type should be regarded as normal. Heyns (1944) recently found the 
pelvic dimensions of Bantu women less than of English, but similar 
frequencies of the different types. In a study of six hundred primiparas, 
Greulich and Thoms found the incidence of operative intervention 
lowest in dolichopellic and highest in platypellic women. In an anthro- 
pometric study of the relation between body build and pelvic shape. 



Fig, 1S4. Relation of pelvic shape to body 
build. (After Greulich and Thoms) 


it was found that women with long, oval pelves were predominantly 
tall, dolichocephalic and broad-shouldered with relatively narrow hips. 
Those with transversely elongated i)elves were, on the average, the 
shortest, with the broadest heads and the narrowest shoulders and 
the widest pelves in proportion to their shoulders. Women with 
round pelves were roughly intermediate between the other two types. 
It Is nevertheless Impossible to predict pelvic type with certainty from 
body build, and it was shown that women of the same body build 
could have any of the three types of pelvis. This is seen in Fig. 184, 
in which the two women on the right are closely similar in bodily 
dimensions but extremely different in pelvic type. The two on the 
left agree in pelvic shape but differ widely in body size. The largest 
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women in both groups measured had a high incidence of long-oval 
or round pelves, suggesting that nutritive factors may tend to produce 
this more favorable type of pelvis. No comparisons have yet been 
made of mothers and daughters, but Thoms and Greulich (1940) have 
made a comparative study of male and female pelves. In an X-ray 
study of 69 white males, Greulich and Thoms (1939a) found the pelvic 
index to range from 77-121 (mean 100.5), whereas in nineteenth-cen- 
tury textbooks, the mean was 80.8. They found 78.2 per cent doHcho- 
pellic, 14.5 per cent mesatipellic, 7.2 per cent platypellic. Sozon- 
laroshevitch (1926) measured the pelves of 321 Russian men. The 
index ranged from 63-125. They were classed as: i. Laterally com- 
pressed (index 100-125), 43 per cent, this type being found in animals 
and more frequent in primitive races. 2. Most frequent intermediate 
type (index 78-100), 68 per cent. 3. Most perfect type (index less 
than 78), 18.6 per cent, not found in primitive races, most frequent 
in those of higher culture. The sacral shape was found to correspond 
with that of the pelvis. 

Scheyer (1934) states that the Veddas and the Philippine aborigines have 
a long, oval pelvic entrance like the orang. He made X-ray photographs of 
100 southern Chinese women; 71 were classed as leptosomic and 29 as 
pycnic, whereas in German women near Cologne the ratio was 50-50. In 
Canton, 14 Hakka women from the north had mostly a transverse oval 
pelvis, while Punti women were 55 per cent long oval, 7 per cent round, 
38 per cent transverse oval; 46.5 per cent of leptosomic women had long- 
oval pelves, while 51.7 per cent of pycnic women had transverse-oval pelves. 
In blood groups, the Hakkas had only 14 per cent O and the Punti 45 per 
cent O. He thinks that pelvic shape goes with blood group and race. 

Thoms (1944) describes four cases of Naegele pelvis in women, 
indicating that the condition is much more common than supposed. 
It was recognized by Naegele in 1803 and fully described by him in 
1839., This particular type of asymmetrical pelvis, clearly shown by 
X-ray photographs, is evidently germinally determined in most cases 
and it may prevent natural childbirth. Of Thoms’ four cases, one is 
an Irish woman, two Italian and one American. There may be a 
corresponding male condition. Further study should determine the 
manner of inheritance. 

Tails 

The phylogenetic loss of a tail in the Primates and man is a matter 
pf great evolutionary interest. Indications as to how it happened 
can perhaps be obtained from the genetics of the many tailless and 
sjiort-tailed mutations in other mammals. More or less completely 



SKELETAL ANOMALIES 


501 


tailless mutations have occurred in dogs, cats, rats, mice, sheep, goats, 
cattle, horses and pigs. Rumplessness in fowls, which has been much 
studied, is the corresponding condition in birds. It occurs as a muta- 
tion in certain breeds of fowls and Landauer (1945) has recently shown 
that it can also be produced by injection of insulin and certain other 
chemicals into the egg. In one experiment with Leghorn eggs, 42 per 
cent of the embryos surviving to the seventeenth day were rumpless. 
There weis no significant rise in other abnormalities. Loss of a tail is not, 
however, confined to domestic animals, but is a specific character in the 
guinea pig, as it is in man. Some species of rabbits have a very short 
tail, as do some species of deer. All our domestic animals have pro- 
duced tailless variations, whereas taillessness has become a specific 
character only in certain scattered wild species and groups. There is 
no obvious reason why a guinea pig should have less need of a tail 
than a cat. The tailless mutation is by no means uncommon in cats, 
as we shall see, yet the natural species retains its tail while its near 
relative, the lynx, which also climbs trees and has similar habits, 
retains only a stub. In these circumstances, something more than an 
assumed selection of mutations is necessary to account for the loss 
of a tail in some species and its retention in others. Similarly, while 
most of the monkeys and baboons have retained long tails, frequently 
prehensile in New World monkeys, the Barbary ape has only a very 
short stump of a tail, probably the caudal filament. Schultz (1925) 
records, on the other hand, that in the adult chimpanzee and orang, 
which are normally tailless, the caudal filament has been known to 
persist. It is recognized that in the orang the loss of a tail has pro- 
ceeded farther than in man, since he has only two or three rudimentary 
coccygeal vertebrae whereas man has four to five or sometimes six. 
The caudal region is also more vestigial in the gibbon than in man. 

The relatively recent loss of a tail in man is indicated by the reap- 
pearance of an atavistic tail as a rare event. The anomaly is less rare 
than might be supposed. Bartels (1884) wrote an extensive monograph 
full of interesting lore on the subject of human tails. Pliny and Pau- 
sanius refer to tailed human beings and there was formerly widespread 
belief in the existence of human races with a tail. The traditional devil ^ 
may be regarded as a survival from these legends. The human embryo 
has a caudal appendage which, at one stage of the baby’s development, 
is one-sixth its total length; if absorption fails to take place, the infant 
may be born with it attached. The human embryo at the seventh 
week, when ca. 12 mm. long, has eight to ten caudal segments. A 

‘ Seals bearing this tailed human figure were found at Mohenjo-daro, the earliest known 
civilization of India, perhaps 4000 B.c, 
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well-developed tail js still represented in the human germplasm, but 
a time factor is involved in the cessation of its growth and then the 
activity of other genes in development causes it to be completely 
absorbed long before birth. The tide of development, which at first 
flows into it, afterwards flows away and leaves it as a remnant to be 
mopped up by the developing organism. 

Stockard (1930) has emphasized essentially the same view in relation to 
the reappearance of long-lost toes in guinea pigs and dogs. The dog lost one 
digit in its evolution, which reappears in certain breeds as a simple dominant 
character; jostling of the genes has determined its reappearance. Bartels 
recorded 126 cases of human tails 16 9 , 58 sex unknown), including 

in his list some abnormalities of other kinds. 

Schaeffer (1892) added twenty-five more cases, but these were a very 
heterogeneous collection of anomalies. In the collected works of Robert 
Koch, Vol. ii, p. 822, are two photographs of human beings with tails “as 
long as a human foot.” The photographs were taken in India in 1871, one 
a lad of seventeen, the other a child, but apparently these tails contained no 
bones. Lissner (1885) records the very rare case of a girl born to normal 
parents, with a true cauda perfecta 12.5 cm. long, a continuation of the 
vertebral column, but with a cyst attached. The child was well nourished 
and had several normal sibs. The parents refused to have the baby’s tail 
removed, and at thirteen and a half years of age she ceased going to school, 
(a) because of pain from sitting on the tail, and (b) because she was teased 
by the other scholars. There is no evidence that in these cases there are any 
additional vertebrae besides those of the coccyx. Sernoff (1902) regarded 
all such cases as atavisms, probably associated with a tendency to spina 
bifida. 

Harrison (1901) reviewed the subject and gives many references 
besides describing a boy with a soft tail 4.4 cm. long at birth, which 
grew to a length of 7 cm. before it was removed at the age of six 
months. It bore some resemblance to a pig's tail and could be partly 
retracted. Harrison described its histology and noted that the baby 
was the third in the family, a normal, healthy baby, except that the 
four outer toes of the right foot were shorter than the normal ones of 
the left foot, their tips were turned up and the nails were small and 
thick. These four toes had only two short phalanges, so this was a 
case of partial brachydactyly. A similar tail (Keith in Nature 106: 
845. 1921) was removed from a girl at three months. It was 10.5 cm. 
long and 1 1 mm. in diameter at the base. 

Schultz (1925) figures a twelve-year-old boy from French Indo-China 
with a tail 9 in. long. The five-weeks embryo has a tail and 38 vertebrae 
instead of 33 or 34. At six weeks the last three vertebrae are fused and at 
nine weeks the number is 34. Eliseef (no ref.) described a girl with a tail 
36-45 mni. long, covered with hair. It grew longer at puberty and prevented 
her sitting in comfort. Her mother’s mother also had a tail. 
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Schwarz (1912) gives two photographs of a well-developed male 
infant with a soft tail 5^ cm. long and no other malformations (Fig. 185). 
It was I cm. in diameter at the thickest part, with a constriction at 
the base. He recognized five classes of human tails. There are only 
three recorded cases of a tail with vertebrae. 



Fig* Child with a tail 5)^ cm. long. (After Schwarz) 


A comparison of the vertebral columns of man, anthropoid apes 
and monkeys has been made by Fischer (1933), who shows in a table 
the comparative lengths of the thoracic, lumbar, sacral and caudal 
portions. He assumes that anthropoids did not lose their tails through 
natural selection. There is the same shifting of the boundaries between 
the different types of vertebrae in the gorilla, chimpanzee and man. 
It would seem that the loss of tail in man and the anthropoids must 
have happened through a series of loss mutations, which may even 
have taken place independently in different genera. 

The numerous studies of loss of tail and kinky tail in various mam- 
mals can only be summarized here. It is clear that tailless or short- 
tailed mutations are relatively common and have occurred repeatedly. 
Bamber (1927) surv^eyed the literature regarding tailless cats. The 
Manx (or rumpy) cat has several caudal vertebrae under the skin. 
In crosses with long- tailed cats the Fi has every length of tail from 
none to full length. This is like the Fi in a cross (Gates, 1909) between 
the tailless Old English Sheep dog and the Scotch collie. Vilmorin 
(1913) used three tailless and three short-tailed breeds of dogs in 
crosses with long tail. He obtained 52 per cent with a long tail and 
48 per cent with a short tail or none. In crosses between short-tailed 
parents he obtained 7 with long tail : 14 with a short tail or none. 
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He concluded that short tail is a dominant mutation, the homozygous 
condition being lethal. 

Tailless cats are also known in the Crimea, cats with twisted tails in 
Madagascar, a kinked tail in some Siamese and Malay cats and short tails 
in Japanese cats. Other tailless cats are known from Pegu, Malacca, 
Burma, China, Borneo, England, France and Spain. Kennel (1901) de- 
scribed a tailless cat mutation in Germany. Mated with normals it produced 
six litters, 12 long : 4 stumpy : 12 tailless. If the tailless mutation was 
dominant (T), then Tt X tt would give 1:1. Stumpy tails probably indi- 
cate incomplete dominance due to the presence of modifiers. 

Screw-tail has been described in cattle, as well as kinky tail in pigs and 
mice. Kinky tail in pigs (Nordby, 1934) is due to unilateral fusion of adja- 
cent caudal vertebrae. If two vertebrae, are fused on both sides no kink is 
produced. A recessive factor is inyolved; but kinks appear in less than i : 3, 
partly from bilateral fusions and partly from “inhibitory influences.” 
Huestis and Barto (1936) found the same condition in the deer-mouse, 
Peromyscus. They obtained normal overlaps and thought that two reces- 
sive genes were involved. Wry tail, in which the base of the tail is set to the 
left, appears to be a widely disseminated recessive gene in Jersey cattle 
(/. Hered. 26:331). Atkeson, Eldridge and Ibsen (1944) show that it is a 
simple recessive in Jerseys and Brown Swiss cattle. It is also known in 
Guernsey, Holstein and Ayrshire cattle. Koch (1935) points out that in 
breeds of dogs with a short head, such as the bulldog, a cork-screw tail 
frequently appears, and ascribes the condition to lack of antepituitary 
growth hormone. 

Brachyury is a dominant in the mouse, lethal in the homozygous condi- 
tion (Dobrovolskaia-Zavadskaia, 1927). The homozygotes die in utero at 
ca, eleven days. Chesley (1935) showed that embryos homozygous for 
short tail are indistinguishable from normals up to the pre-somite stage. 
In later stages the somites and neural tube are irregular, the notochord 
absent and the region of the posterior limbs entirely missing. Dorsal blebs 
were found in early stages. This is a good example of a gene which produces 
little effect in the heterozygous state but produces fundamental derange- 
ments, with lethal effect, in the homozygous condition. 

In crossing this strain with wild mice, three strains have arisen with 
complete absence of bony tail (anury). They breed true for taillessness, 
apparently due to balanced lethals (Dunn, 1939). Chesley and Dunn 
(1936) showed that two factors, T and t® were present, probably alleles 
and each a homozygous lethal. Dunn et al, (1939) recognized that there are 
several brachyuric and anuric mutations at or near one genetic locus. While 
T is lethal to the embryo in eleven days, from a deficiency in notochord 
development, is lethal before implantation. can be recognized in 
utero at ca. five days (Gluecksohn-Schoenheimer, 1940). Development 
then stops and resorption takes place. It is probably a third allele. From 
tl>e embryology of Tt® hybrids it was concluded that t® affects the develop- 
ment of the mesoderm. 

At least six different mutations and probably several more affecting 
tbe tail are now known in the house mouse. In addition to the three 
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already mentioned, the flexed-tail mutation affects the intervertebral 
cartilages and produces an embryonic and juvenile anaemia (Dunn 
et al., 1940). It was shown by Kamenoff (1935) that this recessive 
gene produces fusion between neighboring vertebrae, both in the tail 
and in the spinal column. There is a lower rate of cell division in the 
embryogeny of the intervertebral discs. The accompanying anaemia 
begins as early as fourteen days after fertilization. The relation 
between these two effects of the gene is not clear. "Shaker short” 
modifies the development of the end of the tail and alters the growth 
of the brain and the internal ear, affecting the behavior. “Fused” 
and “kink” are other tail mutations which produce profound and 
widespread effects. These authors also describe a mutation, Sd, which 
produces in the heterozygous condition a short tail or none, a short 
or crooked spine, with abnormal kidneys and low viability. The 
homozygotes have (i) no tail, (2) spina bifida, (3) absence of kidneys, 
external genitalia and other parts of the urinogenital system. They 
die at birth. This condition segregates as a unit and the heterozygotes 
have such low viability that the condition is virtually a dominant 
lethal. A further study of this condition was made by Gluecksohn- 
Schoenheimer (1940). Anatomically similar conditions have been de- 
scribed in man. 

Caspar! and David (1940) describe a kinky tail mutation in mice, which 
is like fused, but it also shows waltzing and deafness. It is a simple dom- 
inant, the homozygote being almost completely lethal. 

Genetic conditions regarding the tail of the rat appear to be quite 
different from those in mice. Dunn et al. (1942) find that nineteen 
cases of sporadic taillessness in the rat have been recorded. Of these, 
sixteen were found by King (1931) among 171,000 white rats in the 
period 1907-1930, i.e., with a frequency of i in 10,000. This is somatic 
“amputation.” None of their descendants were tailless, even when 
two tailless rats were bred together. Similarly, Hutt and Mydland 
(1932) found no tailless rats among 229 descendants of such a case. 
These are not mutations but sporadic “accidents.” Dunn and his 
collaborators have, however, found three inbred families of rats from 
different sources, which produced tailless individuals with a frequency 
of 1.3 per cent, 1.6 per cent and 3.7 per cent (39 in 1166) respectively. 
These are not mutation frequencies in the ordinary sense, for the tail- 
less condition is not inherited. The tails were resorbed in embryonic 
development and in one family all thirteen tailless mice were females. 
A recessive gene is not involved, but animals with or without a tail 
have the same genetic constitution. Something in the genotype 
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determines how much ''environmental pressure*' need be applied to 
produce the tailless condition through accidental irregularity in the 
environment of the embryo* This rather new principle is important 
in connection with some human abnormalities. It means that one 
cannot always assume with certainty that any new abnormality is 
really a mutation. What is inherited is a tendency to produce a particular 
abnormal non-inherited condition with a certain frequency. This situation 
probably applies to many conditions in man, and needs to be carefully 
distinguished from the ordinary type of recessive or dominant mutation. 

Another gene in mice, resembling flexed tail, was discovered by Crew 
and Auerbach (1941) and named pigtail. Jt shows various degrees of expres- 
sivity and incomplete penetrance. There are no abnormal bones, and spina 
bifida aperta occurred in some of the highly inbred litters. This recessive 
twisted-tail condition is caused either by two complementary factors or by 
one main gene with modifiers which affect penetrance (i.e., inhibitors). 
The penetrance varies around 20 per cent. There is slight negative corre- 
lation between litter-size and the percentage of manifestation in homo- 
zygous litters, suggesting some intra-uterine non-genetic influence on the 
development of the abnormality. 

Stub tail has appeared in rats as a simple recessive mutation (Ratcliffe 
and King, 1941). It appeared in the eighth generation of a strain of cin- 
namon rats derived by mutation from wild gray Norway rats which had 
been bred in captivity for many generations. This gene appears to be 
homologous with the Sd gene in mice. In homozygous animals the tail is 
deformed as well as short and the great majority die at birth, so the con- 
dition is sublethal. Homozygotes also have frequent malformations in the 
posterior region of the body, with small size accompanying the reduced 
viability. Some of the non-viables had only a shortened tail, others lacked 
the anal and urinary openings. In a few the hind legs were fused. Deformed 
lateral toes were frequent on the fore and hind feet, as well as aplasia of one 
kidney and atresia of the ureters. Histological evidence of hyperthyroidism 
was found regularly in males and in about half of the females. Only three 
affected females bred. The condition shows much variation in expressivity. 

In an earlier record (Conrow, 1917) eleven tailless rats were observed 
among some 71,500 bred at the Wistar Institute. The vertebral column 
ended far in front of the posterior end of the body. One lacked all four 
sacral and one or two lumbar vertebrae. These congenitally tailless rats 
were bred, but in the absence of records of inheritance they may have been 
nomheritable “somatic accidents” like the mice already recorded. 

In cattle, Mohr and Wriedt (1930) described a recessive lethal in a 
mountain breed of Norway. In the homozygote, which dies at birth, 
there is extreme shortening of the spinal column, with fusion of many 
vertebrae and ribs. The neck is very short and the insertion of the 
stub tail is very high, the animal having an elk-like appearance with 
normal head and legs. Wriedt and Mohr (1928) described another 
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recessive lethal in which the skeletal changes were practically the 
reciprocal of the last, i.e., the spinal column, ribs and sternum were 
normal while the maxillary, mandibular and hyoid regions of the skull 
were reduced, there was cleft palate, the forelegs were “amputated” 
at the elbow joint and the hind legs at the hock. 

MacDowell et al. (1942) have described a screwtail mutation in the 
albino mouse, which is remarkable for its pleiotropic effects. It is a simple 
recessive, with a 2 per cent deficiency in early litters from heterozygous 
parents, the screw tails being largely eliminated by intrauterine selection 
in later litters. In addition to the twisted tail, there are effects on (2) pelvis, 
(3) vertebrae, (4) sternum, (5) mandibles, (6) molar and incisor teeth, 
(7) external ears, (8) eyelids exuding a sticky substance, (9) cranial sutures, 
(10) feeding habits, (ii) size, (12) mortality, (13) fertility. 

The tail mutations in mammals are collected in Table 15, mainly 
from Steiniger (1938). Bryson (1944) has recently shown that t“ and t' 
both affect spermatogenesis in the mouse, the two together producing 
complete sterility. 


TABLE IS 

TAIL MUTATIONS IN MAMMALS 


Species 

Description Symbol 

Inheritance 

Lethal Effect 

Observed Orig. 

Dog 

Dog 

short tail 
screw tail 

T 

f(?) 

dominant 

recessive 

homozy. lethal 

Once (doubtful) 

Fox 

short tail 

T 

dominant (?) 

? 

— 

Cat 

tailless 

T 

dominant 

homozy. lethal 

— 

Mouse 

tailless & 
short tail 

T 

dominant 

homozy. lethal 

4* 

Mouse 

modifier for t 

iP 

dominant 

homozy. lethal 

— 

Mouse 

modifier for t 

r 

dominant 

homozy. lethal 

— 

Mouse 

kinky tail 

m 

recessive 

homozy. lethal 

— 

Mouse 

fused 

Tf 

dominant 

— 

— 

Mouse 

D-short 

Sd 

dominant 

— 

— 

Mouse 

shaker-short 


recessive 

homozy. sublet hal 

— 

Mouse 

hydrocephalus 
with kinky 
tail 

hyd I 

recessive 

homozy. sub let hal 


Peromyscua 

kinky tail 

— 

rec. prob. dimeric 

— 

— 

Cattle 

screw tail 

f(?) 

recessive 

— 

— 

Cattle 

short tail 

T(?) 

dominant (?) 

— - 

- — 

Sheep 

tailless 

— 

dominant (?) 

? 

- — 

Swine kinky tail f (?) recessive 

* This mutation was observed four times under controlled conditions. 



It is evident that many different genes have been involved in the 
shortening, twisting or loss of a tail in mammals. The phylogenetic 
reduction of tails in the Trimates must have happened by a series 
of such genetic steps. Tail reduction involves changes in embryo- 
logical development, which can be produced by different genes. It 
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depends on special capacities of the caudal region for mutational 
changes. This could be explained on the basis of a progressive embry- 
onic gradient from the cranial to the caudal region. Shortening and 
loss of tail appears to be another example, on a large scale, of parallel 
mutations producing phyletic effects in different groups of mammals. 
But the evolutionary reason why this mutational loss of a tail took 
place in all the Primates remains obscure. 

Fisher and Holt (1944) find that by crossing Sd mice with normal, fol- 
lowed by selection, the tail-length of the segregates can be gradually in- 
creased to five-sixths of the normal length. Dunn and Landauer (1934) 
found that rumplessness, the corresponding condition in fowls, could be 
changed from dominant to recessive by crossing of intermediates with 
normal. 

Dunn and Gluecksohn-Schoenheimer (1944) describe an abnormal con- 
dition in tailless mice, in which both anal and genital openings are lacking 
and the young die shortly after birth. The posterior parts of the gut and 
urinary duct fail to develop and often remain connected to form a cloaca 
without opening. This syndrome is found in mice having eleven different 
genes or gene combinations, all affecting the tail, but does not appear when 
only T, or t' are present — only when the animals have two or more of 
the following mutations: Sd, a dominant producing short tail and kidney 
defects in the heterozygote, the full syndrome together with spina bifida 
aperta in homozygotes; Ki (kinky tail); Fu, a semilethal closely resembling 
Ki. Gluecksohn-Schoenheimer (1945) in a fuller study of the Sd gene, in 
which the homozygotes are grossly defective and lethal, finds that the first 
abnormality in heterozygotes appears in the tail in development ten days 
after fertilization. Small hematomata and products of cell degeneration 
occur and this part of the tail is resorbed. Abnormalities of the notochord 
and of the neural tube are secondary to the tail degeneration. Metanephric 
abnormalities are dependent on those of the ureters. In homozygotes the 
metanephric duct is absent, the ureters short, displaced and frequently 
doubled. By tracing such abnormalities to their source in development, 
much may be learned of their ultimate genic nature. 

Prypr (1907) studied the order of ossification of the eight carpal bones 
in ten families of children, based on 360 skiagraphs of children generally 
under seven years of age. The order was symmetrical in both hands 
but varied in different families. He concluded that differences in order 
of ossification were inherited. In a later study (1939), he applied the 
method to multiple births. He confirmed that the Kerner triplets 
were MZ by showing the same order of ossification of the carpal bones. 
In the Schense quadruplets the ossification order tends to confirm 
that they are 2 + i + i, i.e., derived from three egg cells. In the 
Morlok quadruplets, all eight hands show the same sequence and 
there is an extra epiphysis at the end of the second metacarpal in all 
eight hands. The conclusion is clear that variations in the sequence 
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of carpal ossification are genetically determined. Pryor (1936) found 
that six years and one month was the best age for determining the order 
of carpal ossification. The gene complex determines the entire pattern 
in which the carpal bones are laid down, first in cartilage and then in 
bone. X rays of these bones in the Perricone male quadruplets confirms 
that they are a four-egg set although all of the same sex. This condi- 
tion must be extremely rare. In A there were four centres of ossifica- 
tion in each hand and the metacarpals and phalanges were much 
shorter than in the other three. B at the same age had four ossification 
centres in the right hand and five in the left and they were in a different 
sequence. C had only three centres in each carpus, and D had six 
in the right and seven in the left. 
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METABOLIC DEFECTS AND DERANGEMENTS 


I N ALL cases of inborn deranged metabolism the probable cause 
is the lack of an enzyme, in the absence of which a chemical step 
is missed and some normal metabolic change fails to take place. In 
1932, Krebs and Henseleit showed that in the mammalian liver the 
stages of -urea formation were ornithine citrulline arginine urea. 

Srb and Horowitz (1944) have recently shown that the ascomycetous 
fungus, Neurospora, synthesizes arginine in the same three stages. 
The enzyme arginase controls the last step, and inability to synthesize 
arginine is inherited as a single gene. By means of X-rays they obtained 
seven arginineless strains and concluded that there are at least seven 
steps in the synthesis of arginine from sugar and ammonia, each con- 
trolled by a different gene. They similarly found at least two steps 
in the synthesis of citrulline from ornithine. Using similar methods, 
Beadle and Tatum (1941) had previously obtained mutants which 
failed to synthesize pyridoxine, thiazole and p-aminobenzoic acid 
respectively, these conditions segregating in crosses as single gene 
differences. Another mutation of Neurospora (Tatum., Bonner and 
Beadle, 1944) fails to transform anthranilic acid into tryptophane. 
In later work, summarized by Horowitz et al. (1945), about 100 gene 
mutations have been produced which are concerned with a particular 
stage in the synthesis of a vitamin, an amino acid or a component 
nucleic acid. The synthesis of various essential chemical constituents 
of protoplasm is thus shown to be under genic control. ' 

Similarly in animals, the presence of xanthophyllase in rabbits deter- 
mines the inheritance of yellow fat, and the presence or absence of 
amylase in silkworms is similarly inherited. Many enzyme differences 
controlling pigment formation in flowers and in the coats of animals 
are well known. In rabbits, the ability to produce the enzyme atro- 
pinesterase, which hydrolyzes atropin in the serum, is due to a partially 
dominant gene which is linked with a factor causing extension of black 
in the coat (Sawin and Click, 1943). 
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Most of the cases of enzyme absence in man are extremely rare, and 
Sir A. Garrod (1923) has summarized our knowledge of their nature 
and their inheritance. He includes under this head albinism 
(Chap. IX), alcaptonuria, cystinuria (and diaminuria), porphyrinuria, 
haematoporphyria, steatorrhoea, and pentosuria. They are all inherited 
as recessive conditions, usually in sibs with normal parents, and as 
they marry normals, their children are usually immune. They are, 
however, much commoner in men than women, but temporary alcap- 
tonuria occurs in women, and toxic porphyrinuria due to sulphonal 
is almost confined to women. Macklin (1934) surveyed the later work 
on inherited anomalies in metabolism, and Duncan (1942) considers 
at length the physiological and clinical aspects. 

Wollaston discovered cystine in bladder calculi in 1810. Only 
107 cases were reported in the century following. It is usually diag- 
nosed by the presence of hexagonal plates of cystine in the urine and 
has been estimated to occur with a frequency of l in 15,060-35,000 
persons. New methods of testing (Patch, 1934) give a frequency of 
29 cases in 11,000 or l in 380. Among over 10,000 students (6253 o’ 
4281 9) tested at Michigan University (Lewis, 1932), 3 c?' and l 9 
showed cystine crystals in the urine and positive chemical tests were 
obtained repeatedly in 14 others.' This is a frequency of i in 585 per- 
sons. No calculi were known in any of these cases. It thus appears 
that healthy young people occasionally excrete cystine regularly in 
small quantities. It is normally found in the blood as a product of 
digestion. If the necessary chemical tests were made in urinalyses, 
the familial occurrence of this mild symptomless form would probably 
be found. 

A severe form of cystine diathesis was found by Abderhalden (1903) 
in a family with grandfather, father and all five children affected. 
Three of them, who died as infants, had cystine in their tissues, the 
others had cystinuria. In this family the condition was dominant. 
Lignac (1925) described four cases of young children with renal rickets, 
dwarfism and deposits of cystine crystals. In a later paper (1938) he 
added three more cases of renal dwarfism with cystic kidneys and cys- 
tine deposits in spleen and kidneys. He recognizes infantile (fourteen 
months) and juvenile (sixteen years) forms of the disease. The dis- 
turbed cystine metafeplism may be the primary cau^ of the relnT^ con- 
ditio ns^ "Kussell and Barrie~Xi93S) described two sisters who died as 
children with renal rickets and dwarfism, Brights’ disease, glycosuria 
and cystine storage in the reticulo-endothelial system. The parents 
and six sibs were normal, 
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A boy with healthy parents and two healthy sibs died with cystinuria 
and chronic nephritis, without cystine storage. Another boy of thirteen in 
another family died with the same symptoms, having had cystine calculi 
removed years before. A similar case is described by Beumer and Wepler 
(1937)- Graham and Hutchinson (1941) found four cases of renal dwarfism 
in a family of eight children whose parents were normal. This appears to 
be a case of recessive chronic interstitial nephritis. Danis and Rossen 
(1941) describe the condition in brother and sister. They found at least 
ninety cases reported, with an average age of seven years. 

One pedigree of cystinuria in a Scottish family, with twelve cases 
in two generations, has repeatedly been published. Thin (1929) 



described the family, in which three cousin marriages occur, and Robson 
(1929) studied the protein metabolism and compiled the pedigree 
(Fig. 186). Kretschmer (1916) reported cystinuria and cystine lithiasis 
in twin brothers, and Patch recorded cystinuria in two brothers. In 
another family, two normal and unrelated parents had three children, 
all with cystinuria. Probably, as Punnett suggests, two independent 
factors must be present to produce cystinuria, but further evidence 
of the method of inheritanCe-is-Tieeded. Pierce (1934) reported a 
brother and sister in Manitoba with cystine calculi. No cystine crystals 
could be obtained from the urine either before or after the operation on 
the sister, but there was a high amount of neutral sulphur in the urine. 
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Graves (1922) found renal calculi of pure cystine in a Russian woman 
and an American man. He points out that, unlike most renal calculi, 
these throw little or no X-ray shadow. 

Oxalic Urinary Calculi 

Kidney and bladder stones are generally considered to be the same 
disease. Younger people tend to have the former (nephrolithiasis) 
and older ones the latter; the average age for onset of renal stones is 
thirty-nine and for bladder stones fifty-one years. Gram (1932) 

I 

II 

III 


IV 

V 

Fig. 187. Pedigree of oxalic urinary calculi. (After Gram) See text. 

described a family with the very rare condition of calcium oxalate 
urinary calculi. The method of inheritance is also of great interest, 
as shown by Figs. 187 and 188. The condition is a sex-limited domi- 
nant with low penetrance, but normal (heterozygous) females cjan 
transmit, i.e., the condition is autosomal but irregularly dominant 
in the male and completely recessive in the female. > 

Gram suggests that II. 4 (Fig. 187) was a carrier in the X-chromosome, 
but this is unnecessary if dominance is irregular in the male. The inheritance 
clearly came from II. 4, and not from I. 2, who was married twice. Her 
descendants by both marriages are free from the condition. Heterozygous 
females are normal but transmit, as shown by III. 5. In addition to those 
shown in the pedigree, II. 7 had three generations of descendants, a total of 
49c? and 31 9 , all normal. Hence II. 7 could not possibly have been carry- 
ing the gene for oxalic calculi. Cases I. i and II. 3 lived to old age and had 
no stone. Cases I. i and I. 2 had, besides those shown in the pedigre^, a 
total of 41 c? and 249 descendants in four generations, all normal. One 
case of renal gravel” in the fourth generation must have been extraneous. 
Incidentally it will be noted that throughout these pedigrees there is a 
remarkable “excess of sons over daughters. The condition then evidently 
was transmitted by II. 4 only. 

Figure 188 traces the descendants of the woman (III. 5 in Fig. 187). 
Her grandmother, I. 2, died at the end of the eighteenth century. Her 
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uncle (II. 2) had four generations of descendants, with a single case 
of calcium oxalate calculi in the fourth generation. In this pedigree, 
which shows fifteen affected males in four generations, there are five 
cases of transmission through normal males, three through affected 
males and four through normal females. These pedigrees look very 
much like a sex-linked recessive with crossing-over between the X- 
and Y-chromosomes. But the fact that normal males transmit rules 
this out. 



Ftg. 188. Inheritance of oxalic urinary calculi in descendants of III. 5, Fig. 187. (After 
Gram) 


The excretion of oxalic acid in the urine of men and dogs was studied 
by Wesley Mills as early as 1885. 

Alkaptonuria is characterised by the presence of alkaptan (probably a 
derivative of tyrosin) in the urine. Due to the absence of an enzyme, the 
amino acids, phenylalanine and tyrosin, are not completely destroyed 
in the body. The urine becomes dark on standing or on the addition 
of alkalirt Their presence causes arthritis and the deposition of pig- 
ment in the cartilages and homogentisic acid is excreted in the urine. 
Garrod recorded alkaptonuria in twelve families, in six of which the 
parents were first cousins. In six families two children were affected, 
in four families three and in two families four. In one family two 
brothers of the patient, three daughters and one grandchild were 
affected. Bateson suggested in 1902 that the condition is a Men delia n 
reces^e and this is confirmed by all the above families, with one 
exception where it appears to be dominant. Charts compiled by 
Toenniessen (1922) show 23 normal : 8 affected in three sibships. In 
one mating RR X DR there were four with alkaptonuria and four 
without it.^omeranz et al. (1941) found only a hundred cases reported? 

However, about 122 cases were recorded up to 1929 (Bagnall), 
mostly in Europe. Pieter’s pedigree (1925) contained 13 cases (10 c? 
3 9 ) in four generations and is strictly dominant, the sibships number- 
ing II affected :9 normal. Hogben, Worrall and Zieve (1932) have 
compiled and analyzed all the cases. In three or four families it may 
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be dominant, but the remaining forty-five are recessive. Affected 
males in all the records of Hogben number 72, affected females 37, 
almost exactly a 2 : l ratio. Abbott (1941) finds the condition in a 
Negro family in Virginia (Fig. 189). The mother was dead, but she 
was probably not alkaptonuric. Gould and Thomas (1943) devised 
a quick test for alkaptonuria. The urine is made strongly alkaline 
with caustic soda or caustic potash. A drop is then placed on sensitized 
photographic paper, which turns black instantly. 



Fig. i8q. Alkaptonuria in a Negro family. (After Abbott) 


Ochronosis with alkaptonuria is a nearly related condition described 
by Virchow (1866). In this rare condition the skin, cartilage and fibrous 
tissues are colored gray or black and the urine becomes dark. It is 
recessive, relatively harmless and may also occur without alkaptonuria. 
Staining of the cartilage evidently results from the metabolic derange- 
ment. Osier (1904) described two brothers with coal-black nose and 
cheeks, blue-black ears and deep black sclerotics where exposed. Pom- 
eranz, Friedman and Tunick (1941) reported two cases in men, with 
the triad alkaptonuria, ochronosis and arthritis. It usually develops 
very slowly in middle life and can be produced by phenol poisoning. 

Some rabbits contain in their blood an enzyme, atropinesterase, which 
destroys atropin. Sawin and Click (1943) find this condition inherited as 
a single gene linked to the factor for extension of black pigment in the coat. 
It appears about one month after birth and shows incomplete dominance, 
females also containing more of the enzyme in their blood than males. 
The demonstration that the presence of a particular enzyme is controlled 
by a gene is significant and probably applies to many enzymes. 

xPetUosuria, a chemical anomaly in which pentose sugar is excreted 
in the urine, is a condition which is found almost exclusively among 
JewstJ It has no detectable influence on health. Chronic pentosuria 
was first reported by Salkowski and Jastrowitz (1892). Margolis (1929) 
found seventy-eight cases in the literature, twenty-seven in Jewish 
families, two in Greeks, two in English, the race not being mentioned 
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m the others. He described the condition associated with migraine in 
a Jewess whose father, mother and sister had migraine only. 

Pentosuria has generally been described in single cases, or occasion- 
ally in two sibs, and once in father and son. Jones and Nissler (1925) 
reported five cases in one Jewish family. Garrod gives a pedigree in 
three generations and the condition cannot always b e r e c e^iv e (Mack- 
lin, 1934). Although generally regarded as a harmless metabolic anom- 
aly, 90 per cent of the cases have nervous symptoms; it is frequently 
associated with migraine and a vagotonic constitution. Of the reported 
cases, twenty-four occurred in nine families and twenty-seven were 
Jewish. The sex-ratio of affected persons was 48 c? : 25 9 , but it is 
probably exaggerated, as many cases in men are discovered through 
examination for life insurance. This might also apply to alkaptonuria. 

The forms of pentosuria are sometimes classified as (i) alimentary, 
(2) chronic, (3) associated with diabetes mellitus. Eating apples or 
other fruits will produce the condition temporarily. In the chronic 
type pentose m ay be present for months or years and is not markedly 
affectedT^ diet. Marble (1932) discovered three cases in a group of 
9000 renal glycosuria patients. They were Jewish males two of whom 
had relatives with diabetes mellitus. By 1940 the number of cases 
had increased to nine. Enklewitz and Lasker (1933) described twelve 
cases, noted reports of a hundred others and found that the pentose 
sugar excreted was 1 -xyloketose in all cases. Lasker, Enklewitz and 
Lasker (1936) recognize at least two types of chronic essential pento- 
suria, one excreting dl-arabinose and the other 1 -xyloketose. They 
found thirty-seven cases of xyloketosuria in twenty families, all in 
accord with a simple recessive inheritance and nearly all in Jews. 
The gene is very rare in the population, but eight cases were found 
in one family. Moss and Walker (1942) describe a case of pentosuria 
with diabetes mellitus in a non-Jewish woman as an excessively rare 
medical curiosity. 

feammidge and Howard (1926) reported arabinosuria in father and 
son and, in another family, in uncle and nephew, which suggests an 
irregular dominant inheritance. ^ 

{Essential fructosuria is another rare metabolic condition, not a 
disease but a harmless disturbance of metabolism. Van Creveld sug- 
gested that it is a remnant of foetal life, as newborn children have less 
tolerance of fructo^ Heeres and Vos (1929) describe the case of a 
girl in Holland. The condition disappears if there is no fructose in 
the food, but when fructose is taken in fruit or honey only about 14 per 
cent is excreted. Its presence in the urine shows lack of ability to 
convert it into glycogen, perhaps combined with increased permea- 
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bility of the kidneys to laevulose. Special tests are necessary to dis- 
tinguish fructose from the more usual glucose. Silver and Reiner (1934) 
report six cases, two of them brothers, all seen in one year. They 
regard it as a specific enzymatic deficiency. 

Two Jewish brothers are described by Jacobsen (1940). Their case had 
been diagnosed as diabetes, but their carbohydrate metabolism was normal. 
Lasker (1941) reviewed the subject, finding only forty true cases recorded. 
Its rarity is estimated at less than i in 130,000 persons. It occurs in sibs, 
the parents are frequently related and various pedigrees show that it is a 
simple recessive. Other references to inherited sugar anomalies may be 
found in Bock (1944). 

Tyrosinosis was discovered by Mied.es (1932) in a Russian Jew in 
Minneapolis with myasthenia gravis. He excreted daily 1.6 g. of 
p-hydroxyphenyl pyruvic acid in the enol form. The condition is 
very rare, as shown by the examination of urine containing 0.3 per 
cent sugar from 14,753 life insurance applicants without finding another 
case. A single case of alkaptonuria was found. This Russian had no 
abnormal pigmentation. Normal persons oxidize tyrosine via p-hy- 
droxyphenyl pyruvic acid or via 2:5-dihydroxyphenylalanine. Both 
lead to 2 :5-dihydroxyphenyl pyruvic acid and thence to homogentisic 
acid. In this man there is a block at the p-hydroxyphenyl pyruvic 
acid, which is excreted, as well as its reduction product, together 
with tyrosine and its oxidation product, l-3:4-dihydroxyphenylalanine. 
There is no mention of relatives, but this is probably another case of 
simple recessive inheritance. The gene must be very rare. Blatherwick 
(1943) examined over 26,000 more in New York without finding another 
case. 

Tryptophanuria has been found (Brice, 1932) occurring both by 
itself, indicating some derangement of protein metabolism, and in 
association with albuminuria. Among eighty ceises of dementia praecox, 
eight showed tryptophanuria. The significance of this and the possible 
inheritance of the condition remain to be determined. 

Steatorrhoea is an extremely rare defect in fat metabolism, apparently 
due to a deficiency of the pancreatic secretion. Tulpius observed the 
condition in the seventeenth century and suggested that it was con- 
noted with disease of the pancreas. The first modern case 
described in 1911. Two affected brothers were in a family of five 
children from a cousin marriage (Hurtley and Garrod, 1913). The 
affectee pa^s liquid fat which solidifies on cooling, but has no other 
morbid symptoms. Another boy occurred in a family of three w^se 
parents were unrelated (Miller and Perkins, 1920). A recessive gene 
is again indicated. 
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One boy grew up in active work and adjusted his diet so that '‘butter 
stools” were seldom passed. Soecknick and Thoenes (1927) described 
two boys and a girl whose parents were first cousins. Cockayne (1933) 
described a girl of twelve whose parents were unrelated. He found 
only Scf* and 2 9 cases recorded. Thaysen (1935) described ten cases 
of idiopathic steatorrhoea in Denmark and referred to another. These 
cases included a lirother and sister in one family and two sisters in 
another. He finds this metabolic derangement characterised by (i) a 
quantity of fat in the faeces, (2) a flat blood-sugar curve, (3) a raised 
rate of basal metabolism, with diminished absorption of fat in the food. 
He concludes that coeliac disease and non-tropical sprue are the same 
disease under other names. 

Konstam and Gordon (1936) describe a case of acquired steatorrhoea 
in a man of fifty-five. O’Donovan et al. (1942) show that steatorrhoea can 
be induced by infestation with the intestinal parasite Giardia lamblia. A 
man in Dublin died of giardiasis and the 
symptoms of steatorrhoea. In a boy of nine 
with the same symptoms the parasites were 
destroyed and he recovered. But a year 
later X-ray photographs showed a persist- 
ing abnormality in the epithelium of the 
small intevStine, caused by the action of the 
parasite. Some cases of supposed idiopathic 
steatorrhoea may therefore be of this nature. 

Bennett et al. (1932) studied fifteen cases of 
adult steatorrhoea resulting from gastro- 
intestinal dysfunction, a nutritional dis- 
turbance asvsociated with tetany, osteoma- 
lacia and anaemia. Steatorrhoea and a dis- 
turbance of calcium metabolism are com- 
mon to all, together with bone changes 
(osteoporosis and rickets). More attention 
needs to be paid to the inheritance factor 
in all these cases. Moore et al. (1936) in- 
vestigated ten cases of idiopathic steator- 
rhoea at ages nineteen to sixty-three years. 

They suggest that non-tropical sprue or 
idiopathic steatorrhoea be known as Gee- 
Thaysen disease. It is frequently accom- 
panied by anaemia, osteomalacia with sub- 
calcification of bone, deformity (Fig. 190) 
and kyphosis. Gee’s coeliac disease, de- 
scribed in 1888, is believed to be the same and should be called Gee-Herter 
disease, the term sprue being confined to the tropical disease. This leaves 
steatorrhoea as the name for the inherited form of deranged fat metabolism 
alone. 



Fi^. IQO. Idiopathic steatorrhoea 
(( iee-Thaysen disease). (After 
Moore et al. 1936 ) 
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Mogensen (1937) described three cases of idiopathic steatorrhoea and 
concludes that the derangement can be induced by living in the tropics, 
by pregnancy and by other conditions. Obstruction of the lacteals 
will produce it. Harper (1938) characterizes the distinctions between 
congenital pancreatic steatorrhoea and coeliac disease. 

Porphyria, a condition which is frequently known as hematopor- 
phyria, is a disturbance of the pigment metabolism in man and some 
animals. The latter name should be dropped, as hematoporphyrin is a 
laboratory product and not a natural secretion. In porphyria the urine 
is reddish brown or Burgundy color and the skin is abnormally sensi- 
tive to light. The teeth and bones may also be colored red or brownish. 
The porphyrins are the “building blocks” out of which hemoglobin 
is formed in animals and chlorophyll in plants. The chemistry of the 
porphyrins and the related bile pigments is dealt with by Rimington 
(1939). They play a vital role in pigment metabolism. The pigment 
in the eggshells of birds consists largely of protoporphyrin; the 
feathers of some birds contain uroporphyrin III and in others 
coproporphyrin III. 

Congenital porphyria is rare and is generally recessive in inheritance. 
Minute traces of coproporphyrin are normally present in the urine. 
Gunther, in 191 1, was first to recognize this inborn error of metabolism, 
and Hans Fischer showed that in congenital porphyrinuria the main 
portion in the urine is uroporphyrin while coproporphyrin is present 
in the faeces. Protoporphyrin may also be present as a degradation 
product of hemoglobin. Mackey and Garrod (1922) referred to the 
case of two fisherman brothers from the Island of Lewes in the Hebrides, 
described in 1892. Their skin was scarred where exposed, they had 
red urine and hydroa aestivale (irregular red patches forming on the 
skin, with itching vesicles). There were four normal sibs and a girl 
who may have died with the same complaint. These authors cite a 
probable case in Germany in 1874 and one in France in 1896. Three 
later cases were described in Germany, one in Italy and one in Den- 
mark, and Mackey and Garrod add another case. This boy of six 
was later (1926) more fully investigated. He was bright and intelligent, 
of .average size, but excreted porphyrins. By avoiding bright light 
and by the use of fluorescent ointments, mutilations of his hands and 
face could be avoided. Ashby (1926) described a girl of four with 
remarkable red teeth and urine of a port wine color. The bones were 
pigmented like the teeth, but there was no enlargement of liver or 
spleen. Gray (1926) described a girl of eighteen, the only case in a 
family of seven, the parents being first cousins. She had red urine 
and blisters began on her skin at five years of age, forming ulcers which 
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left scars when they healed. In some cases the colored bones throw a 
shadow when the hand is held before a strong light. 

Porphyrinuria can be produced by the administration of such drugs 
as sulphonal and phenacetin. 

Mason, Courville and Ziskind (1933) recognized four types of por- 
phyria; (i) chronica, (2) congenita, (3) acuta toxica and (4) acuta 
idiopathica. The second and last are inherited. About four times 
as many males as females are affected. Their condition is constitu- 
tional. The skin becomes red on exposure to light, then vesicles appear. 
Many die in early life if exposed to strong light. These authors made 
a clinical study of four cases. The nature of the defect is still obscure. 
According to one view it is a product of abnormal hemoglobin katab- 
olism, but it more probably represents a reversion to a more primitive 
level of pigment formation through lack of specific enzymes. Macklin 
(1934) saw two families in which three of seven children were afflicted; 
two with a single affected child; another in which first cousins were 
victims; and one in which two children and their cousin had the disease. 
In the six families there was no known consanguinity. Turner (1938) 
regards porphyria in the tissues as the persistence of a foetal pyrrole 
metabolism.^ He investigated a family in which two of the five daugh- 
ters were affected (evidently recessive) and found a red-brown pig- 
ment called urofuscin to be excreted also in large amounts. Some 
fifty cases were known in 1933. Radaeli (1911) records the only case 
in father and son. Nesbitt (1944) shows acute porphyria in three 
women in one family (two sisters and a paternal cousin), and the pater- 
nal grandfather was also affected. Irregular dominance is indicated 
in this family. 

Waldenstrom (1937) wrote a large monograph on porphyria with 
an extensive biochemical investigation of nineteen families. His 
criterion was the presence of uroporphyrin or porphobilinogen in the 
urine. The condition evidently differed from the recessive form hitherto 
considered. Symptoms developed at about thirty years of age, there 
was no photosensitivity of the skin nor color in the bones, but the 
acute porphyrinuria was followed by paralysis and death. One pedigree 
contained 7 cases (4 cT 3 9 ) in two generations, with fourteen normal 
sibs. In another the grandfather, father, three daughters and three 
of their ten children as well as a distant cousin were affected. In several 
families the affected were all in one generation — four sisters, two 

' Using spectroscopic methods, Kliiver (1944) has shown the widespread occurrence of a 
coproporphyrin in the central nervous system (white matter) of mammals an 4 birds. This 
helps to account for the wide variety of nervous and mental symptoms accompanying por- 
phyria. He suggests that certain neurological and psychiatric disorders are associated with 
cerebral porphyria. 
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sisters and a brother, three sisters, four daughters and two sons, two 
brothers, etc. The dominance is often irregular and possibly two factors 
are involved. This appears to be in some respects an exception to the 
rule that the dominant form of a disease gene is milder than the reces- 
sive form, for the inheritance was shown to be essentially dominant 
in eight families. 

In addition to the records of Europeans, porphyrinuria has been 
described in Japanese families but differing in certain respects. Affected 
babies are born with enlarged spleen and soon develop anaemia, dying 
between six and eighteen months of age (Cockayne, 1933). A number 
of isolated cases have been described, which are probably recessive 
outcrops. 

That the same mutation can occur in cattle has been shown by Fourie 
and Rimiiigton (1937). In a herd in South Africa twelve cases were found, 
apparently recessive, some of them in the offspring of a particular bull and 
his daughter. In a black-and-white cow of another herd, only the white 
areas showed lesions from photosensitization. Clare and Stephens (1944) 
report porphyria in pigs in New Zealand. An affected sow produced, by 
two normal boars, 5 affected : 8 normal pigs, hence probably dominant. 
Figge (1944) shows that the harderian or accessory lacrimal glands are red 
fluorescent in mice, rats and hamsters, owing to the secretion of porphyrins, 
but not in other mammals, birds or reptiles. These three animals are mo.st 
susceptible to carcinogenic agents. This supports the view of a direct 
relation between porphyrin metabolism and cancer susceptibility. 

In hydroa vacciniforme the skin conditions resemble those of por- 
phyrinuria but there is little or no porphyrin in the urine and the skin 
is less severely affected, ^s in porphyrinuria, more males than females 
are affected and it remains uncertain whether the two conditions are 
genetically distinct. Hydroa without porphyrinuria is also dominant 
in some families and recessive in others (see Siemens, 1922). Radaeli 
(1911) described three cases, including a father and child of eleven 
years, hence prpbably dominant. 

(flemochromatosis: This condition was named in 1899 by von Reck- 
linghausen. It is frequently called bronzed diabetes and is a very rare 
disecise, probably due to an error in iron metabolism which affects 
every cell. Sheldon (1934) made a study of 7 cases and found 304 in 
the literature. It is characterised by the production of melanin, espe- 
cially in the smooth muscle, connective tissue and skin, and also by 
the formation of an iron compound, hemosiderip, in all the tissues^ 
There is no disturbance to health, except that icirrhosis of the liver, 
pancre^, spleen and other organs develops^-iUsually the symptoms 
only appear in middle life and in the later stages they are generally 
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accompanied by diabetes mellitus. The earliest account of a case was 
by Hanot and Chauffard (1882). Frisch (1922) described a “black 
family” in Vienna in which seven siblings and their mother were pig- 
mented. Althausen and Kerr (1933) concluded that two conditions 
are necessary for its development: (i) a constitutional predisposition 
of the liver, (2) chronic intoxication affecting the susceptible organ. 



Diabetes and enlarged liver 
1^ Slight glycosuria 
llll Complete syndrome 

Fig. igi. Pedigree of hemochromatosis (bronzed diabetes). (After 
Lawrence) 

Alcohol is the most frequent agent and copper is perhaps another. 
Darnall (1935) described three cases and regards the triad, grayish- 
brown pigmentation of the skin, liver cirrhosis and diabetes mellitus 
as characteristic. Lawrence (1935) gives a pedigree of two cases 
(Fig. 191) from which it is evidently recessive and associated with 
glycosuria and diabetes. Sheldon (1935) has written a comprehensive 
work on the subject. Hemofuscin, a brown iron-free pigment probably 
related to melanin, is also produced. Males appear to be much more 
frmuently affected than females. 

Vrobilinurm,: Steensma (1914) reported an extraordinary family 
(Fig. 192) with 17 cases (10 o' 7 9 ) in four generations. The urine was 
free from urobilin if the patient were lying down, but contained it if 
excreted in an upright positiof^ Steensma suggests that, as the posture 
affects the excretion, there is some anatomical defect. He postulates 
a ductus venosus not completely obliterated, so that blood from the 
intestine can escape into the general circulation through the old foetal 
route, the upright posture favoring passage through the ductus venosus. 
Thejoheritance is that o^a n irregu lar dominant. In three cjases there 
is transmission by supposed normals, but two of them, who were dead. 
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might have been affected. Case III. 13 however was certainly normal 
and transmitted the gene. 



Fig. 1Q2. Pedigree of urobilinuria. (After Stefcnsma) 


For phenylketonuria, recently discovered in dementia praecox patients, 
see p. 1088. 

^ Albuminuria can be produced by many functional conditions or as 
a part of various syndromes^ Dickenson (1875) gives a pedigree of 
albuminuria showing eleven cases in three generations. The inherit- 
ance is evidently dominant. Portraits of ancestors of this family as 
far Back as the Wars of the Roses are said to show a characteristic 
cigar, transparent pallor like modem members. 

{Haematuria can of course be produced by many conditions. Guthrie 
(i9b2)~published a pedigree of haematuria showing its inheritance (as 
a Mendelian dominant), with twelve cases in three generations. The 
condition in this family was not postural, could occur by day or night, 
and was regarded as representing a congenital weakness or varicosity 
of the walls of the renal vessels. Hurst (1923) regards haemorrhagic 
nephritis as a better term for this condition, because often only traces 
of blood were present in the urine, while there weis much albuminuria, 
the haematuria being intermittent, but albumen present between the 
attacks. His pedigree (Fig. 193) shows sixteen cases in three genera- 
tions, the inheritance an irregular dominant. Individuals with albumi- 
nuria are marked A.' NumbeinTr~3"ha(i"'epistaxis and haematemesis. 
The condition was more severe in some, slight in others, but it evi- 
dently increased from youth to adulthood. Haematuria could be 
brought on. by eating strawberries or asparagus, and in several women, 
but not in men, by black currants or claret. Hurst also cites Benson’s 
case with four individuals in a family having acute nephritis developed 
from oedema and albuminuria; Atlee’s case of three sisters with albu- 
minuria and intermittent haematuria, the father dying of uraemia; and 
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jA-rgusson’s case in which father, mother, and eight children all had 
albuminuria. There appear to be no recent studies of the inheritance 
of these conditions. 



1 2 3 4 5 6 7 

A = Albuminuria 


^93- Pedigree of haemorrhagic nephritis. (After A. F. Hurst) 


Von Gierke's Glycogen Disease 




This very rare condition was described by von Gierke (1929) from 
a postmortem study of two children. Forty cases had been reported 
up to 1938. It is characterised by a disturbance 
of glyco^jl.metabolism. [^There is an accumula- 
tioh of this substance in tlie liver, heart, kidneys 
aStTotlier organs in infancy. *The heart may be 
enlarged to five or six times its normal size, but 
the spleen is not affected. The condition ap- v-J 

pears to be congenital. Two or three cases in a 
family have been reported several times. Smith . J!t 
and O’Flynn (1933) described a brother and H|’’ 
sister with enormous liver and pigmented skin, 
the histological character of the liver cells being 
highly abnormal. In von Gierke’s cases the kid- 
neys also were enlarged. Warner (1933) recorded 
the* condition in a girl two years old. Another 
child in the same family died at five months 
probably from the same disease. Lindsay, Ross 
and Wigglesworth (1935) described a French- h 

Canadian l)oy and there are many other single 
cases. Ellis and Payne (1936) give a full bib- ^ 

liography and describe two families. In one, a ^*2- ^94- Von ^ 

brother and two sisters were affected ; m the (After Ellis and i'a> ne) 
other, two sisters and possibly the brother. There 

were no normal sibs in either family, but the mother of the second 
family was found postmortem to have a greatly enlarged liver. This 




Fig. IQ4. Von (licrko’s 
gly coge n d i sease i n cl i i 1 d . 
(After Ellis and Payne) 
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is probably an expression of the heterozygous condition. In twenty- 
five families involved there were two cousin marriages, so all the evi- 
dence clearly indicates a simple recessive gene. Affected children 
(Fig. 194) show obesity and a lack of growth and of sexual develop- 
ment, suggesting anterior pituitary dysfunction. Gardner and Simpson 
(1938) record two exceptional cases of sudden death from glycogen 
disease in an infant and a boy of eleven. In the latter, the heart was 
three times the normal size and the liver was slightly enlarged but no 
other organ was affected. Von Gierke and van Creveld both suggested 
that glycogen disease is a continuation of the foetal condition of the 
liver. The latter (1939) has made an extensive study of the various 
glycogen diseases and their pathogenesis, with full references to the 
literature. The basic defect may be the absence of amylase from the 
liver cells. 


Gaucher's Disease 

There are four hereditary diseases involving derangements of lipoid 
metabolism and with many points in common, including yellow patches 
(xanthomata) on the skin and splenomegaly. They are: i. Gaucher’s 
disease, in which kerasin accumulates. 2. Schuller-Christian disease, 
a disorder of cholesterin metabolism. 3. Xanthomatosis, also a disorder 
of cholesterin metabolism. 4. Niemann-Pick disease, a disorder of 
phosphatide metabolism. Gaucher’s disease was named after an 
eminent French dermatologist, who described it in 1882. Splenomegaly 
is a constant feature and the liver is often enlarged too, accompanied 
by anaemia. The age of onset ranges from birth to thirty-two years, 
the disease advancing very slowly and it may extend over thirty or 
forty years. Kerasin belongs to the cerebrosides, containing nitrogen 
but not phosphorus. It does not stain with lipoid stains such as 
Sudan and is very inert chemically. The kerasin accumulates chiefly 
in the spleen, liver and bone-marrow, forming characteristic “Gaucher 
cells” which can be found by splenic puncture and look hyaline and 
homogeneous. There is also symmetrical pigmentation (xanthoma) 
of the legs (Fig. 195), while in hemochromatosis the legs are usually 
nojimal. The disease often occurs in Jews and is often accompanied 
by a malar flush and myopia. Gaucher’s and Niemann-Pick disease 
hive recently been ascribed to a primary disturbance of the reticulo- 
endothelial system. 

Brill, Mandelbaum and Libman (1905) recorded a family of four 
affected sibs and described one of them in detail. Reiss and Kato 
(1932) reported three cases, in two of which it was fatal, in a Japanese 
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family in California with three normal sibs. The inheritance is evi- 
dently recessive. Hoffman and Makler (1929) tabulated nearly ninety 
cases in the literature. The first male case w'as describi'd by Brill, 
Mandelbaum and Libman (1905), three sisters and a broth M-. Patients 
often show increasing anaemia, emaciation and finally death, splen- 
ectomy l)eing the only known treatment. I, Anderson (1933) descrilied 
a Russian family with four or five affected sisters, their father’s mejther 



Fi^. igj. Symmetrical pigmentation of the 
legs in (iaucher’s disease. (After Bloem, 
Groen & Postma) 


and her two sisters being also probably affected. The reason for the 
great excess of female cases is not clear. Bloem, Groen and Postma 
(1936) described five unrelated cases in adults, four of them Jews. 
Emanuel (1941) reported two unrelated cases and points out that 
the familitil disease may take a benign course. In a malignant form 
the central nervous system is involved and death in infancy usually 
occurs. > 

^Leesmith (1933) described three boys in a family of five with normal 
parents, who had enlarged liver and spleen, were very similar in appearance 
and vskin coloration but had no jaundice nor definite Gaucher’s disease. 
The mother had five normal children by a previous marriage. Hartston 
(1931) reported a boy, his brother and a stillborn child of the same mother 
with enlarged liver and spleen. ; 
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Hand- Schuller- Christian Disease and Xanthomatosis 

This syndrome was first reported by Hand in 1893, a three-year- 
old boy having diabetes insipidus, exophthalmos, a ski n er uption, 
bronzed skin, enlarged liver and spleen. Postmortem examination 
showed yellow nodules in the skull and liver. Torok (1893) observed 
hereditary xanthomatosis in several families. Schuller in 1915 made 
the first X-ray studies of a boy and a girl, but mistook the condition 
for dyspituitarism. Christian in 1919 agreed with him in diagnosing 
the case of a girl of five. Hand later studied a boy of seven. It now 
appears that the disease is closely related to xanthomatosis, both 
showing a derangement of cholesterip metabolism. The conditions 
are contrasted by Reich (1934). Xanthomatosis was regarded as the 
general condition of granulomatous infiltration of the bones and is 
found not only in children but frequently in adults from twenty-one 
to sixty-nine years of age. It is a disturbance of the stability of the 
emulsion of cholesterin and fat in the blood, but there is no hyper- 
cholesterinemia (excess of cholesterin in the blood). Landoff (1940) 
has made an extended study of the disease. The Hand-Schuller- 
Christian syndrome is now confined to those cases of xanthomatosis 
which also show defects in the skull and dyspituitarism, the funda- 
mental change in both being a deranged cholesterol metabolism with 
yellow deposits in the skin and tissues. By 1935 there were sixty 
known cases of the Hand-Schiiller-Christian syndrome. 

Pick (1933) contrasted the hyaline storage cells of Gaucher's disease with 
the “foam cells” of Hand-Schiiller-Christian disease and Niemann-Pick 
disease and pointed out many other differences in these syndromes. Horsfall 
and Smith (1935) also deal with the physiology. Jones (1939) describes a 
pair of MZ girl twins three years of age, one of whom developed symptoms of 
Hand-Schiiller-Christian disease. There were bone lesions in the skull and 
humerus, but neither diabetes insipidus nor exophthalmos were present, 
the characteristic foamy cells were not seen nor was the blood cholesterol 
increased. The second twin, living under the same conditions, had not 
developed the disease a year later, but some doubt is attached to the 
diagnosis. 

This disease occurs predominantly in Jews and, unlike Gaucher’s 
disease, is found mainly in males. There app>ears to be no doubt about 
the origin of the syndrome through recessive inheritance. Rowland 
(1928) described two cases under the name xanthomatosis. Hilton 
and Eden (1941) do not distinguish it from the Schuller-Christian 
syndrome but describe the skeletal changes in an adult woman (the 
condition usually occurring in children, probably as a recessiv^ 
Thannhauser (1929) made an extensive comparfen of all thieTtpidbses 
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and described a Jewish family with, xanthoma tuberosum et plenum and 
tendon xanthoma, which were interchangeable (Fig. 196). The essential 
inherited condition of xanthoma tuberosum, which causes the skin 
lesions, appears to be an excess of fats 
in the blood. In a forme fruste of xan- 
thomatosis there were no yellow patches 
on the skin, but a high cholesterol con- 
tent in the serum and carotenemia (caro- 
tin in the blood). Nine cases (40^ 5 9) 
are reported in a family in three genera- 
tions, inheritance dominant. Xanthoma 
or cholesterosis cutis was described by 
Fasold (1924) in 15 families, with 58 nor- 
mal : 53 affected sibs. These pedigrees 
showed dominance for the most part, 
but frequently a generation (in one case 
two generations) is skipped. More recently xanthomatosis is found to 
be frequently associated with coronary thrombosis. See Engelberg 
arid Newman (1943). . 

I Xanthoma tuberosum is a rare syndrome in which nodules, tqmors 
and plaques appear on the elbows, knees, buttocks and heels. The 
cholesterol content of the blood is also increased, but hypercholes- 
terinemia m^y be present in individuals who are otherwise normal 
transmitters.! Wilkie showed the condition to be hereditary in 1868. 
It is an incomplete dominant, frequently skipping a generation. 

;ojo 

& 

6 66 □ cb 6 6 6 

HX X X X 

H=Heart disease 
X=Xanthoma tuberosum 

Fig> 1 97. Pedigree of angina and xanthoma 
tuberosum. (After Muller) 

Miiller (1939) describes lipoid deposits (xanthoma tuberosum) 
producing a special form of arteriosclerosis and "hereditary heart 
disea-se” in Norway. He found the condition inherited as a dominant 
in ^venteen families, one of which is shown in Fig. 197. FiSrous pads 
which develop over the finger joints and are known as Garrod's pads, 



nnri 


^ = Xanthomatosis 

9 =Xanthoma tuberosum 
et plenum 

Fig. 196. Jewish family with xan- 
thoma tuberosum et plenum and 
xanthomatosis. (After Thann- 
hauser) 
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are inherited. In xanthoma tuberosum, nodes develop on the fingers 
and knees (Fig. 198), elbows, heels, and xanthelasma or yellowish 
plaques in the eyelids. Snapper and Parisel (1933) described a case of 
generalized xanthomatosis with accumulation of lipoids in the bones. 



tig. Aanthoma tuberosum with nodes on 
fingers and knees. (After Muller) 


but without the symptoms of vSchuller-Christian^s disease. The oste- 
oporotic lesions of the bones were distinct from those of osteitis fibrosa 
generalisata. 

Blood, Kaufman and Stevens (1942) describe a Syrian family in 
Philadelphia in which normal parents had five affected children in a 
family of nine, besides three which died shortly after birth and one 
which is still an infant. The syndrome develops at three or four years 
and the most serious effect is the cardiovascular disease, of which 
four died. Another child at eight years had high blood cholesterol 
and cardiac lesion but no skin effect, and another at four and a half 
years had hypercholesteremia, as had the father. One child dropped 
dead at twenty-three after walking to church. The heart showed 
coronary sclerosis and myocardial degeneration, and there were orange- 
yellow deposits in the arteries. A sister died of heart lesions at fourteen, 
another at six and a half and a brother at eighteen. It is probable 
that the hypercholesteremia is invariably present as a strictly dominant 
inheritance, the other features of the syndrome being more or less 
irregular in their appearance. 

Thannhauser (1941) has recently characterised the various diseases 
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involving lipoidosis as follows: Xanthomatosis without hyperlipaemia 
(excess of lipoids in the blood) is a hereditary disorder of metabolism 
of the reticulo-endothelial cells and histocytes, which increases the 
cholesterol in the cells. In xanthelasma there is excess of cholesterol 
in the blood. In the Schuller-Christian syndrome, with osseous depos- 
its, the cholesterol in the blood is normal. Gaucher’s disease, which is 
chronic in adults but acute in infants, is restricted to the lympho- 
haemopoietic system. In Niemann-Pick diseeise the histiocytes and 
reticulocytes in every organ may accumulate a phosphorized lipoid 
(sphingomyelin) causing rapid death. Lipoid nephrosis is distinguished 
by the absence of xanthomatosis of the skin. In von Gierke’s disease 
(glycogen storage) there is also lipoid accumulation in the liver, 
kidneys and serum. 


Niemann-Pick' s Disease 

Niemann described this disease in 1914 in a girl of seventeen month 
whose parents were Polish Jews. He distinguished it from Gaucher’s 
disease by the early onset and rapid malignant course. Autopsy showed 
the spleen to be greatly enlarged with yellowish-white nodules, the 
liver and lymph nodes also containing lipoid materials. Pick (1933) 
contreists this disease with the other lipoidal syndromes. It appears 
to be rarer than Gaucher’s disease, fifteen ceises having been reported 
up to 1933, and has even more predilection for the Jewish race. The 
foam cells, which can be found in all parts of the body, can be stained 
with lipoid stains, but they also show a great increase in phosphatids 
and an absence of kereisin. These cellular changes are found to be 
identical with those in Tay-Sachs disease (amaurotic idiocy), showing 
that both involve the same type of metabolic derangement, the effects 
of which are mainly confined to the brain and retina in the latter 
disease. Some cases show both diseases. 

There can be little doubt that Niemann-Pick disease, which is also 
congenital, is inherited in the same way, as a simple recessive gene. 
Merksamer and Kramer (1939) describe three cases in one family, 
two of which had a cherry-red spot in the macula. Maurer (1941) 
records four other cases (two of them sibs), while Rothstein and Welt 
(1941) consider further the relation to infantile amaurotic idiocy. 
Niemann-Pick’s and Gaucher’s diseaise occur predominantly in females 
and Hand-Schiiller-Christian disease chiefly in males. All three are 
accompanied by a yellowish-brown pigmentation of the skin. 

Lipid proteinosis (Urbach- Wiethe disease) is recorded in single crises, 
generally from cousin marriages. The syndrome includes an eruption 
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of yellowish plaques containing phospholipids, and mucous lesions of 
mouth and pharynx (see Ramos e Silva, 1943). 

Progressive Lipodystrophy 

This disease is included here although the change in fat metabolism, 
which removes all fat from certain portions of the body, is probably 

secondary to other inherited defects. 
The condition is rare except in Spain, 
where it seems to occur more fre- 
quently. It was first accurately de- 
scribed by Barraquer (1907) in a 
woman of twenty-five in Barcelona 
and later studied by Simons (1911- 
13), so it may be called the Barraquer- 
Simons syndrome. It is mainly found 
in women. Watson, Boog and Ritchie 
(1925) studied three cases and found 
over 50 cases described (17 cf’ 33 9 ). 
Many others have been recorded 
since. There is a progressive loss of 
fat from the face, neck, arms, thorax 
and abdomen, while abundance of 
fat is retained on the lower limbs. 
The result is like an ultra-Rubens 
below the mid-line and a skinny 
witch above. It may appear as early 
as at two years of age and some 
cases are fat as children. At the end 
of two to four years the lipodys- 
trophy becomes stationary and is 
frequently followed by fat accumu- 
lation over the gluteal regions and 
the legs, the muscles remaining well 
developed. No explanation of this 

Fig. 199. Progressive lipodystrophy, peculiar change in fat distribution 
(After Watson and Ritchie) (see Fig. 199) has been reached, al- 

though nervous and endocrine causes 
have been suggested, including basophilic hypopituitarism. An en- 
larged sella turcica was found in one case. 

Maranon and Soler (1926) suggest cephalothoracic lipodystrophy 
as a more accurate name. They think it is due to hyperthyroidism 
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and that its localization is based on neuro-vegetative factors. They 
find another type in which the fat accumulates in the upper part of 
the body. A case of loss of fat only from the lower legs is described 
by Bigler (1939) in an Italian girl twelve years old. A case in a boy 
of ten years was described by Cockayne (1931), the parents being 
normal and unrelated. Tallerman (1936) described a boy of ten with 
cephalothoracic lipodystrophy. The parents were unrelated, but 
the mother (presumably heterozygous) showed the condition in a 
minor degree. Barraquer-Ferr6 (1935) published the first familial 
case, a woman, her mother and maternal grandmother being similarly 
affected. In this case the disease appears to be dominant, whereas the 
many single cases described are presumably recessive. 

Six cases in children were reported by Parmelee (1932), who reviews the 
literature. Van Leeuwen (1933) described a family in which lipodystrophy 
was combined with otosclerosis, bone cysts and mental deficiency. Three 
of seven sisters and four other relatives were affected. 

Currier and Davis (1930) described the condition in a woman of 
sixty-five. Her brother, sister, half-brother and half-sister were obese 
from childhood and her mother’s brothers and sisters all weighed over 
200 lb. Of her five children, two sons weighed over 180 lb. In this 
family the disturbance in fat metabolism is associated with hereditary 
obesity. Smith (1930) describes the case of a woman in whom lipodys- 
trophy appeared after the menopause. The loss of fat was in the 
lower half of the body, below the waist, the upper part being unaffected. 
Hartston (1933) found eighty-five cases of lipodystrophy recorded 
and describes the condition in two boys. He makes the erroneous 
statement that it is neither “hereditary, familial nor racial.” The onset 
is usually in childhood, before eight, according to him, but it may occur 
from two to sixty-five years. The loss of fat occurs down to the umbili- 
cal level and it is more than twice as common in females as in males. 

\ LipMosis of the skin and mucous membranes is an inherited condi- 
tfon in which small raised yellowish papules are present on the face 
and scalp, warts on the fingers and small bluish-violet tumors on the 
elbows. The mucous membrane of the lips, mouth, palate, pharynx 
and larynx is also studded with yellowish-white plaques. These lesions 
are present at birth, together with laryngeal tumors. A lipoid of the 
phosphatide group, which differs from the lipoid of multiple xauitho- 
mata, is infiltrated in the cutis. The condition is very like xanthoma 
tuberosum multiplex and is allied to Gaucher’s and to Niemann-Pick’s 
disease. Further details of this very rare disease are given by Cockayne 
fi933). It is a monogenic recessive in inheritan ce , the parents being 
normal buit frequently related. 
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i Dercum's disease (adiposis dolorosa) is a condition of painful obesity 
a^ciated with asthenia and psychic disturbances.'^ Dercum (1892) 
described three cases in women who came respectively from Ireland, 
England and Germany. Winkelman and Eckel (1925) reported two 
hundred cases in the literature and described an obese negress with 
enlarged sella turcica. It is regarded as pluriglandular in origin and 
Keusch (1936) records two heredofamilial cases. The condition is five 
times as frequent in women as in men but the manner of inheritance 
requires elucidation. 


Gout 

In former centuries, when gout was much more frequent than now, 
its occurrence in successive generations of a family was often recognized. 
Dr. Johnson remarked in 1773 that Dr. Cadogan’s contemporary book 
on the gout was foolish in maintaining that gout is not hereditary. 
In modern times little attention has been paid to the inheritance 
element. According to Macklin (1934), Osier states that 50 to 60 per 
cent of gout patients have a family historj^pf the disease, its occur- 
rence more frequent in men than women. gout, large amounts of 
uric acid and sodium biurate may be deposited in the joints. Other 
mammals than man and the chimpanzee have a uric acid oxidase in 
their liver, which converts uric acid into the harmless water-soluble 
allantoin. The absence of this enzyme in man makes gout possible. 
However, it has been shown that Dalmatian dogs have the enzyme 
uncase in their liver although they, unlike other carnivores, excrete 
uric acid (Trimble and Keeler, 1938). This condition is shown to be 
a simple recessive in crosses, and the harlequin spotting of Dalmatians 
is'"determme3~B5^two genes in another pair of chromosomes. In hu- 
mans, uric acid is derived via xanthine from nucleic acid, the xanthine 
being formed from the two purine bases, adenine and guanine, in 
nucleic acid. 

Llewellyn (1922) records estimates of an ancestral taint in 75 to 
81 per cent of private patients in England. He regards it as "purely 
hereditary,” the pathological groundwork being a tendency to cellular 
sensitization (latent gout), i.e., it is in part allergic in origin. Like 
asthma, it is paroxysmal and periodic, the disease being precipitated 
when the sensitized cells encounter the appropriate protein or other 
allergen. Poisoning of the vascular endothelium would result. The 
derciaged uric acid metabolism is an independent but associated 
condition. In a more recent study, Talbott (1940) found high serum 
urate in 25 per cent of 136 relatives of 27 gout patients without any 
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symptoms. The localization of allergic arthritis has been shown by 
means of urate administration. Smyth and Freyberg (1940) made a 
hereditary study of two gouty families. It may be suggested that the 
factor determining high serum urate and the allergic factor are distinct 
but genetically linked in the production of gouty arthritis. Whether 
linkage is involved can only be determined by the study of families. 
In any case a disturbed purine metabolism appears to be involved in 
arthritic gout. 

In a study of thirty families, not yet completed, Stecher and Hersh 
(1945) regard it as primarily a metabolic disease with hyperuricemia, 
penetrance being incomplete and a second factor involved. They 
find that 3.7 per cent of whites show hyperuricemia, this condition 
occurring also in leukemia, acute hemorrhage and kidney insufficiency. 

' Diabetes Mellitus 

/a chronic disturbance of the metabolism, manifesting itself especially 
byTncrease in blood sugar (hyperglycaemia) and by excretion of sugar 
in the urine (glycosuria). It causes emaciation, loss of strength, thirst, 
and polyuria and finally diabetic coma. A diabetic patient’s life may 
be maintained indefinitely by giving insulin,, the condition being pri- 
marily due to a deficiency of this secretion from the pancreas 3 

Thomas Willis described diabetes in 1674, although it had been 
recognized much earlier. He discovered the sweet taste of the urine 
in certain cases and so established the basis for distinguishing d. mel- 
litus from d. insipidus. Erasmus Darwin in 1778 further distin- 
guished the two types, but the problem of their relation remains to 
this day. The very complicated physiology of diabetes has been dis- 
cussed in different aspects by Young (1941) and Soskin (1941). Dia- 
betes may result from primary changes in the islets of Langerhans 
in the pancreas (which normally produce the hormone insulin), but 
in many cases it is preceded by increase of weight resulting from pan- 
creatic-pituitary imbalance. 

Anterior pituitary ext.cact is shown to have a diabetogenic action in 
animals, producing increased growth in pups together with polyuria and 
glycosuria. The pituitary also produces a rise in islet tissue and insulin 
content of the rat pancreas. Adult dogs can be made permanently diabetic 
(with atrophy of the islets) by a short treatment with anterior pituitary, 
the same extract producing increase in weight or diabetes according to the 
age of the dog. The increased function of the islets associated with the 
increase in weight neutralizes the diabetogenic influence of the anterior 
pituitary. But the increased pituitary functioning is temporary and may 
be followed by diabetes. That intravenous injection of alloxantin will 
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produce diabetes in rabbits is shown by Koref, Vargas, Rodriguez and 
Telchi (1944). Histological study shows that this substance has a selective 
affinity for the cells of the islets of Langerhans. Defective metabolism of 
alloxan or of purines may therefore play a part in the etiology of diabetes. 

Sugar is formed by the liver, both from protein and from fatty acids, 
and it also arises from food in the alimentary canal. A rise in blood 
sugar (hyperglycaemia) may result from an increased supply, a de- 
creased utilization, or both. Thyroxin from the thyroid also increases 
the blood sugar, and in diabetes there appears to be secondary atrophy 
of the thyroid. Adrenalectomy lowers the blood sugar and other 
carbohydrate stores in the body, the adrenals probably affecting 
carbohydrate metabolism both oirectly, and indirectly. In diabetes, 
the liver wastes the protein and fat of the body by pouring excess 
sugar into the blood, whence it is lost in the urine, thus causing loss 
of weight in the individual. This is followed by ketone formation, 
with ketonemia and ketonuria. Lack of insulin causes the final coma. 
Insulin is important in the endocrine balance which determines the 
normal blood sugar level. It is a protein which has been crystallized 
and contains zinc in the molecule. Diabetes mellitus is then not 
necessarily or usually due to a pathological pancreas. The syndrome 
of symptoms may also include pituitary diabetes and, less probably, 
thyroid or adreno-cortical diabetes. Certain cases may arise from 
hepatic damage. As the possible causes of diabetic symptoms are so 
diverse, it is clear that the hereditary bases may be equally diverse in 
different families. 

An infection may result in pancreatic sclerosis, causing inadequacy of the 
islet tissue; but this condition will not be inherited. Cammidge and Howard 
(1930) have shown that in mice both hyperglycaemia and hypoglycaemia 
are inherited as simple recessive conditions. Formerly human diabetes was 
frequently regarded as dominant, but later work, esp>ecially of Pincus and 
White, (1933, 1934), in which statistical corrections are applied to the data, 
gave results closely in accord with a simple recessive. 

In one hundred cases of acromegaly (which is produced by hyper- 
pituitarism), twenty-five had glycosuria, and twelve of these were 
true diabetics. If the pituitary tumor associated with acromegaly 
isfremoved, the diabetes may disappear, so there is no permanent 
lesion of the pancreas. Coggeshall and Root (1940) studied twenty- 
nine cases of acromegaly with diabetes. In six of them hereditary 
diabetes was present in the family. That both conditions result from 
the same pituitary derangement seems more likely than that they are 
due t o two linked genes. It is known (Hinsworth, 1936) that there 
are two types of diabetes in relation to insulin: (i) insulin-sensitive, 
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caused by a deficiency in insulin, (2) insulin-insensitive, due to lack 
of an unknown factor. Type i easily develops hypoglycaemic symp- 
toms. These types may be genetically distinct. Hinsworth (1939) 
regards the essential lesion in diabetes as a diminished ability of the 
tissues to utilize glucose, and hyperglycaemia as an attempt of the 
body to compensate for this. 

A condition called skj/n diabetes, characterised by dermatitis, farun- 
culosis or pruritis, with sugar accumulated in the skin but no hyper- 
glycemia, is designated by Urbach (1945). It frequently occurs in obese 
individuals with a purplish red complexiomHVhether there is any con- 
nection with pancreatic diabetes remains uncertain. 

Diabetes is uncommon among the Chinese, in whom it is mild and 
accompanied by supersensitiveness to insulin. The symptoms are mild also 
in Japan and India except among the wealthy classes. Mills (1930) finds 
that the incidence is low in Ireland, but higher among the Irish in Boston. 
He concludes that the incidence is largely affected by climatic conditions. 
In the United States it is lowest in the southern states, then in the western 
mountain states, then in the northern and middle states, highest in the 
northeastern states. This is not explicable on racial grounds. The death- 
rate of Negroes from diabetes is higher the farther they are removed from 
their natural tropical environment, but in general it is lower than in whites. 
In Europe (except Ireland) all countries north of the 50th parallel have a 
diabetic death-rate above 9.6 per 100,000, all below it have a lower rate. 
No relation to sugar consumption was found. The death-rate per 100,000 
ranges from 30 in Japan to 15 in England, 4 in Finland and 25 in New York. 
Its higher incidence in the Mediterranean region is probably racial in 
origin. The curve has risen steadily in all countries since 1880 (except 
during the war of 1914-18) and diabetic mortality is estimated to have 
increased in a century from i to 20 per 100,000. The world’s sugar con- 
sumption has also increased twentyfold during this period. It has recently 
been found that diabetics have a much higher cancer incidence than the 
general population. For recent statistics of the frequency of diabetes mel- 
litus in United States army testees, see Spellberg and Leff (1945). These 
results again show a low incidence in the South (only 0.28 per 1000, among 
32033 in New Orleans) and a high incidence in New England (4.5 per 1000, 
among 45650). 

Finke (1930) found a familial frequency of 25 per cent for diabetics, 
which he regards as indicating that it is a simple Mendelian rece^ive. 
He describes a family with i 5 "X 2 r§i&s 

strictly dominant. He considers that sporadic cases are also inherited 
(recessive) but found no evidence that diabetes in children is hereditary. 
A correlation between diabetes and obesity is certain, but it is uncertain 
whether gout and arteriosclerosis are commoner in diabetics than in 
non-diabetics. Hanhart (1939) studied 91 cases (43 c? 48 9 ) of dia- 
betes in children under twenty in the child clinics of Zurich and BaS^h 
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Of these, seventy-nine were probands. He found the inheritance a 
simple recessive with lOO per cent penetrance. He ^cognizes that 
dominant forms also exist. We may conclude tha^dmbetes mellitus 
follows the usual law, the recessive form being severe with early onset, the 
dominant form having at least a later age of onset and generally milder 
symptoms ^Occa,s\ondX\y, the recessive form appears in successive 
generations when one parent is homozygous and the other heterozygous 
for the gene. 

Levit and Pessikova (1934) collected 258 pedigrees in Russia. They 
found 20.7 per cent of the cases to be familial. Healthy near relatives of 
diabetics were tested and four out of forty were found to have abnormal 
curves of blood sugar. The symptoms were found to be very variable, even 
in the same family, but apparently one dominant gene was involved. The 
reduced fertility of patients would explain the “anticipation.” In a study 
of families and twins, Steiner (1936a) finds 35.1 per cent of cases familial. 
The corrected expectation of diabetes in the parents of probands was 
4.1 per cent, in sibs 19.8 per cent and in children 16.6 per cent. When 
both parents were diabetic, one-quarter to one-third of the children were 
affected. 

Joslin (1940) points out that before the introduction of insulin in 
1922, 80 per cent of adult diabetics were markedly overweight. Insulin 
therapy led to the survival of diabetic children, only 2 per cent of 
whom were overweight. Recessive Mendelian ratios were found in a 
large series of cases selected at random. Inheritance was also shown 
by studies of 19 MZ and 29 DZ twins found among 17,000 diabetic 
cases; in 63 per cent of the former but only 7 per cent of the latter 
pairs both twins were diabetic. Similarly, Berg (1939), in a study of 
46 identical and 87 fraternal twins, found that in 65 per cent of the 
former and 22 per cent of the latter both had diabetes. The higher 
incidence in Jews is confirmed, but there is no relation to blood group. 
Pincus and White (1934), who have also made extensive clinical and 
statistical studies of diabetics, find that many apparently normal 
relatives of diabetics are in fact potential diabetics. They emphasize 
the importance of age incidence, showing that diabetes may appear 
even as late as the ninth decade, and failure of the islets to function 
th^y regard as premature senility of the paqcreas. They determined 
the blood sugar concentration and gave glucose and sucrose tolerance 
tests to 169 close relatives of diabetic patients. Hyperglycaemic indi- 
viduals were found in diabetic families. About 14 per cent of the rela- 
tives of diabetics given blood sugar examinations and 25 per cent of 
those given sugar tolerance tests had abnormally high blodd sugar 
values and are believed to be future diabetics (genetic formula mm). 
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No test for Mm persons has yet been devised (MM being normal 
homozygotes). 

It is clear, however, that all types of diabetes do not conform to 

this recessive inheritance. Cammidge (1928) published three clearly 

recessive pedigrees, two clearly dominant ^ ^ , 

(see Fig. 200) and one (Fig. 201) which I ® I ^ 

is probably an irregular (conditioned) _ r — r ‘ 1 1 

dominant. If this were recessive, II. 4, • W 

III. 2 and IV. 4 would all have to be r — ’ — n 

heterozygous. Wright (1931) has also " ■ 

published several dominant pedigrees Dominant pedigr^ of 

., , rr , diabetes mellitus. (After Cam- 

with a total of 16 o’ and 25 9 affected, midge) 

Cammidge (1934) finds the dominant 

form nearly always mild and easily controlled by diet alone, persisting 
for many years without affecting the general health, whereas the reces- 
sive form is generally grave from the onset and requires insulin 
therapy. The danger of statistical methods is that they lump together 
dominant and recessive pedigrees. The evidence seems clear that both 
occur in diabetes mellitus, although the latter are more frequent. 
Statistically they should have separate treatment. 

Steiniger (1939) also finds that diabetes is dominant in some families 
and recessive in others. There is not 100 per cent penetrance of the 
gene, but environment also plays a deciding part. Many will die of 

other diseases before they reach the 
• ^)T~n diabetic age. The gene milieu or con- 

I stitution may also have a strength- 

ening or weakening effect on the 
I expressivity and penetrance of the 

ni diabetic gene. Accidents, sepsis and 

^ I other conditions may affect the func- 

IV (j (_) #tQ w UtO tion of the islets. Extra-insular dia- 
betes may be of renal or pituitary 
y ^ ^ ^ origin or may arise from a derange- 

ment of the cerebellum. The ten- 
.?CLSlrdo*a".;“ d-cy to these secondary forms of 
Cammidge) diabetes may also be mhented, so 

that various biotypes, not necessarily 
alleles, may exist. Anticipation is found to occur in about three-fourths 
of the pedigrees and post-dating in about one-fourth. The former is 
explained by the accumulation of subgenes favoring diabetes, accord- 
ing to the theory of Goldschmidt (1938). The reproduction of diabetics 
is shown to be much reduced. No woman reproduces after the symi>- 
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toms of diabetes develop. Twin studies of Then Bergh are quoted, 
showing concordance in the year of onset after the forty- third year, 
but discordance even in MZ twins at earlier ages owing to environ- 
mental effects. Lemser (1938) studied forty-nine pairs of diabetic 
twins and shows that not every bearer of the factors for diabetes will 
develop the symptoms (Table 16). 

TABLE 16 
DIABETIC TWINS 



Number 

Concordant 

Discordant 

Undetermined 

i-egg 

19 

15 

3 

I 

3-egg and different sexed 

30 

6 

23 

I 


A characteristic pedigree (Kennedy, 1931, Fig. 202) shows 10 Ccises 
(Sc? 5 9 ) in two generations. Five of the eight cases in generation III 
had amputations for diabetic gangrene. All were overweight and I. 2 
probably died of diabetes. The large excess of normals in sibships 
indicates low penetrance. Allen and Mitchell (1920) studied a diabetic 
family of “poor whites” in South Carolina with nine cases in three 
generations. The father of the third generation was a blue-eyed brunet, 
the mother a blond. Of their thirteen children, six were diabetic. Four 
of the diabetics had blue eyes and dark hair like their father, while 
the five who had the eye and hair color of their mother were free from 
symptoms. Landis (1921) reports the converse relationship, a diabetic 
family in which the disease was present in the five blond, absent in 
the four brunet children. This indicates that the gene for diabetes is 
in the same chromosome as those for eye and hair color. Barach 
(1926) also finds diabetes associated with fair hair and light complexion, 
as well as obesity and short stature. 

Cowen (1936) made a study of fifty-four diabetics in Zurich. They 
were generally over fifty and only one was a child — a girl of fourteen. 
Where diabetes occurred in the ascendants it was found to be an 
irregular dominant with low penetrance in six families and probably 
recessive in three. About thirty-seven were of more or less pycnic 
constitution. Besides the hereditary factor, environmental influence 
affects .the time of onset, so that early recognition and treatment of 
the condition is very important. Draper et al. (1940), using Sheldon’s 
constitutional technique, distinguish between the pancreatic and the 
pituitary forms of diabetes, the former being thin, the latter fat. The 
obese were afterward divided into two subgroups, (a) more muscular, 
(&) becoming obese. In this way 225 diabetics were classified; group i 
were insulin sensitive, with an acute onset and severe symptoms. In 
group 2 the onset was insidious, the conditions more stable and with 
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less response to insulin. The clinical and morphological grouping 
corresponded in 88 per cent of cases. 


'i/ 



Fig. 202. Pedigree of diabetes mellitus. (After Kennedy) 


The death-rate from diabetes has continued to increase notwithstanding 
the use of insulin. As diabetic women at least seldom reproduce, the racial 
dysgenic effect of insulin therapy in multiplying diabetics by heredity may 
not be great. Gibson and Fowler (1936) report 8 cases (4 boys 4 girls) 
sixteen to twenty years old, with severe diabetes and signs of infantilism 
and dwarfism which are attributed to hypofunction of the anterior pituitary. 
This is not in accord with recent work on the interrelations of the pituitary 
and the pancreatic islets. 

Cole, Harned and Keeler (1941) obtained a strain of rats with low- 
glucose tolerance (the usual precursor of diabetes), obesity and related 
symptoms, hyperactivity of the pituitary being postulated as the basic 
cause. When this diabetic strain was crossed with a non-diabetic strain, 
the Fi showed less glucose tolerance than either parent. In F2 there were no 
females and few males with low tolerance, a few showing higher tolerance 
than either original strain. The results are interpreted in terms of a prin- 
cipal gene with modifiers, the principal gene tending to be incompletely 
recessive, and its penetrance is less than 100 per cent even in the homo- 
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zygous condition. These results may be directly comparable with those 
iiyman. / 

^^ypergl^aemia has been described as a recessive Mendelian character 
in mice (Cammidge and Howard, 1926). The sugar content of the blood in 
a strain of mice was found to vary. Breeding experiments showed that high 
sugar content (about 120 mg.) is recessive to normal (about 80 mg.). When 
a heterozygous normal is bred to a mouse with high sugar content, the 
offspring show equal numbers of the two types. This condition was inde- 
pendent of coat color. 

(orthoglycaemic glycosuria^ or ‘‘leaky kidneys,’’ with sugar in the 
urine but no rise in blood sug^, is a benign condition which does not 
progress to diabetes mellitus. jHjarne (1927) investigated a family 
in Sweden and Finland having this condition. Six generations were 
descended from a single pair, the last three generations being examined. 
Among 199 persons, 18 (in perfect health) had orthoglycaemic glyco- 
suria, 19 had glycosuria without diabetic symptoms, 7 had diabetes 
mellitus, and 2 others were aberrant. Normal parents without glyco- 
suria had in 13 cases only normal children (44). Orthoglycaemic 
glycosuria was present in younger persons of both sexes and was 
inherited as a monofactorial dominant. The diabetes in the pedigree 
was ah independent unrelated condition. When the father had ortho- 
glycaemic glycosuria and the mother was diabetic there was no summa- 
tion of effects in the children. Holst (1926) describes eight families 
in which both diabetes mellitus and glycosuria occurred. These cases 
of glycosuria were of no definite type, but included cases due to ali- 
mentary hyperglycaemia as well as the renal form. He concludes 
that there must be a hereditary relation between diabetes and the non- 
diabetic glycosuria. The nature of this relationship is uncertain. 
Hatlehol (1924) made an extensive study of blood sugar in twelve 
families with benign glycosuria, in five of which diabetes was present. 
He studied especially the threshold values in diabetes and in benign 
(renal) glycosuria, which remain relatively constant. He thought the 
condition due to a metabolic disorder rather than a renal abnormality. 


It is not without interest that Eyster (1924) found a type of maize with 
yellow seedlings which were unable to use the glucose formed from the 
carbohydrates in the endosperm. Glucose dripped from the leaf tips and 
the seedling soon died. To this extent the condition is like glycosuria. It 
was inherited as a simple recessive. 

Bowcock (1929) described a family with 18 cases (7cf ii 9) of 
glycosuria in four generations. Itja^as Adomm^ 
one case developed into diabetes mellitus. 

Parkes Weber (1931) described another family with normal blood 
sugar but sugar in the urine. A woman of fifty-seven had passed sugar 
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(i to 4 per cent) for at least forty-four years, but without hyper- 
glycaemia, polyuria, excessive thirst or other signs of diabetes. Her 
parents were first cousins and she had three normal sibs. Of her five 
children, four by the second marriage were all affected. This non- 
symptomatic condition is probably an irregular dominant. Marble 
(1932) found only 15 cases (8cf* 7 9) of renal glycosuria in a critical 
analysis of 9000 consecutive cases of glycosuria. The inheritance of 
this rare condition may be recessive or possibly an irregular dominant. 

Rhind and Wilson (1941) report a family having diabetes mellitus with 
Addison’s disease. Only fourteen cases have been recorded, five of them 
doubtful. In this family the father and five children were afflicted and 
four of them died at an early age. Another daughter has glycosuria of 
pregnancy and a son died of phthisis. 

A striking case of multiple defects having evidently a genetic basis is 
cited by Tyrer (1943). A boy of eighteen was undersized, with a small 
pituitary, hypogenitalism, bilateral inguinal hernia, diabetes mellitus, 
marked mental retardation, optic atrophy, left macula degeneration and 
goitre. There were evidently defects in the pituitary, sex, pancreatic and 
thyroid glands. His mother’s two sisters also had goitre, but the family 
lived in a region of endemic goitre. The boy’s parents were cousins, the 
father’s brother had epilepvsy and the paternal grandmother was psychotic. 
The boy had one normal sister, another sister had epilepsy, diabetes and 
optic atrophy. A brother five years old already had epilepsy and diabetes. 
In this family there were strong indications against cousin marriage. 

Unlike diabetes mellitus, diabetes insipidus is clearly a simple domi- 
nant and relatively rare in its occurrence. Well's (1884) classic case 
oi diabetes insipidus y or polyuria, with 23 affected ( 140? 9 9 ) in four 
generations, is shown in pedigree form in Fig. 203. In eight sibships 



from DR X RR there were 22 affected to 22 normal and four who 
died young. In this disease the patient develops excessive thirst and 
drinks large quantities of water, but may live to old age. Some of 
these persons drank 6-8 litres of water daily. The condition may be 
either congenital and inherited or acquired and non-inherited — i.e., it 
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may result from an inherited germinal change or from an impressed 
modification (phenocopy). In Weil’s case, also cited by Bulloch (1909), 
the original progenitor was bom in 1772 in Oberhessen and had 220 
descendants in five generations, 34 of whom had diabetes insipidus. 
Weil, Jr. (1908) added eleven cases in the fifth generation of this family, 
making 34 cases (22 o’ 12 9 ) in five generations, the sibships numbering 
34 affected ; 46 normal. This is an ordinary dominant pedigree except 
for the excess of normals and one skip of a generation. Camerer (1935) 
added to Weil’s pedigree two cases in the sixth generation, the total 
numbers of affected to normal being 35 133. The family is now widely 
scattered in Germany and America. Chase (1927) gives another pedi- 
gree in five generations showing inheritance, as a Mendelian dominant. 
One man in this family would drink a pail of water without taking it 
from his lips. He lived to eighty-five years of age. Maranon and 
Bonilla (1925) describe the condition in mother and son. The latter, 
when only twenty months old, drank about eight litres of water per day. 

Allan and Rowntree (1931) discuss the relation of the two forms of 
diabetes. In certain cases d. insipidus develops into glycosuria and d. mel- 
litus. These authors describe two cases in which both forms are present 
in the same person and one in which transitory glycosuria preceded d. in- 
sipidus. The cases of association are very few and appear to be simply 
coincidences. The gene for one is always dominant and, for the other, 
generally recessive. It is suggested that the same intracranial lesion may 
be responsible for both polyuria and glycosuria, but this is unlikely. The 
use of pituitary extract for control of the former does not interfere with the 
effectiveness of insulin in controlling the latter. Of course d. insipidus is 
rare in comparison with d. mellitus, although, being dominant, many more 
affected individuals may occur in a family pedigree. The two main theories 
of its etiology are (i) endocrine, (2) nervous. Lindeboom (1933) explains 
the case of another patient with both types of diabetes. 

Ganslen and Fritz (1924) described a family with 19 cases (10 cf 9 9 ) 
in five generations, all descended through two previous generations 
from a couple who married in 1680. After the two generations whose 
condition is uncertain, there is no skip, the sibships numbering 
19 affected :2i normal. The proband drank 10 to 12 litres of fluid 
daily -and as a prisoner of the French in 1918 slaked his thirst with 
anything from urine to rainwater without harmful effect. This condi- 
tion is a family tradition but their overpowering thirst does not lead 
to alcoholism. The craving for alcohol is not thirst. Blotner (1942) 
described a family with son, mother and grandmother affected. 

Eaves (1930) found 14 ceises in 100,000 patients. Levit and Pessikova 
(1936) collected sixteen pedigrees in Russia, only three of which were 
familial and these having only two or three cases, the rest being single 
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cases. Unlike the few large pedigrees hitherto published, they find 
diatetes insipidus to be a conditioned dominant with very low pene- 
trance, accounting for the large number of sporadic cases in this way 
and not as mutations. They emphasize the necessity to collect all 
cases of any abnormality and not merely the striking ones. Even 
the large pedigrees show occasional skips, but it is clear that they 
really have a higher penetrance than the families with few cases. 

Richter (1930) showed that a fine puncture in the brain-stem of a rat 
near the pituitary will produce permanent diabetes insipidus (polydipsia 
and polyuria). One rat drank nearly twice its body-weight of water each 
day. This leaves little doubt that the pituitary theory of human d. insipidus 
is correct. Pasqualini and Avogadro (1942) show in two human subjects 
that the injection of five units of the pressor hormone of the post-pituitary 
causes the complete loss of thirst in twenty minutes. The secretion of this 
hormone is controlled by nerves from the supraoptic nuclei of the brain. 

Davidenkov (1940) describes the extraordinary condition he calls 
agly oophagia. The anomaly was observed in six members of a family 
pedigree, including two groups of cousins with no inter-marriages. In 
one family of seven, two are unable to eat sugar. The other family 
has four of five children effected, one to a milder degree. The parents 
and grandparents have no food idiosyncrasies. The affected members 
are sound, but a few have headaches and general nervousness. B cried 
when, as a child, he was made to taste a sweet bun. He cannot eat 
sugar, honey, jam, cakes, candies, chocolates, ice-cream or fruits or 
berries, except cranberries and bilberries. He cannot use saccharine. 
He likes a sweet taste, but sweet food brings nausea and physical 
weakness. When given sugar he became feverish, complained of pain 
in the stomach, and his pulse was affected. His cousin F disliked sweet 
things. 

Since they cannot take saccharine, their reaction cannot be a chemical 
effect of carbohydrate, especially as they can eat starch, which is 
converted into sugar. It must then be the sweet taste which incites 
the pathological condition. It can hardly be an allergy, nor is it a 
metabolic derangement. It is regarded as nearest to myoplegia because 
of the difficulty in swallowing. The inheritance is apparently recessi^. 

The hereditary element in obesity is difficult to analyze in so^e 
cases. Gurney (1936) made a study of sixty-three stout women in 
Buffalo. Each was over 15 lb. heavier than the average for her age 
and height. When both parents were stout, 73 per cent of the children 
were stout. Stout X non-stout gave 170 offspring, 41 per cent stout. 
Non-stout X non-stout had 176 children, of whom only 9 per cent 
were stout. There is no statement regarding the age of the offspring. 
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There is evidence that oljesity may be produced by dystrophy of the 
thyroid or of the pituitary and there may also be a type of obesity 
due to a factor affecting the cell metabolism. (See also Chap. XVII I.) 

(pipom atosis is the name applied to a local accumulation of fat, 
but there is no sharp line between this condition and general obesity^ 
Bauer (1922) classified fat types of women as (i) the Rubens or girdle 
type with fat around the abdomen and buttocks. This accounts for 
90 per cent of fat women. (2) The trochanteric type with fat in the 
upper thighs. (3) Fat from hips to knees or ankles (piano-leg type). 
(4) Sometimes excess fat limited to calves or ankles. (5) Excess on 
back, upper arms, breasts, neck and face. Excess fat on the buttocks 
and breasts is a racial characteristic of the female Bushmen and is 
known to be of prehistoric occurrence in Europe. .The localizati on of 
fat Jn the other types is also probably inherited', but with more 
variation. 

Lipophilia or avidity to store fat is then characteristic of particular tissues. 
It has been found that when, following a burn, skin from the abdomen is 
grafted on the back of the hand, it will store fat so as to require an operation 
for fat removal many years later. Individuals thus differ in their lipophilic 
tissues and obesity is constitutional in the vast majority of cases. Bauer 
(1941) analyzed 275 cases of obesity and found that in 73 per cent one or 
both parents were obese. Increased appetite, leading to fat storage, is 
considered to be the result of abnormal inheritance. It in turn appears to 
involve endocrine and nervous differences. There is also said to be a type 
of obesity which results from a highly efficient digestive system and a small 
appetite. 

Ellis and Tallerman (1934) made a study of fifty cases of obesity 
in children. In thirteen cases the mother was grossly overweight, the 
father in six and both parents in three. The obese showed increased 
carbohydrate tolerance in the endogenous type, but not in the exoge- 
nous (non-inherited) group. Further analysis of obesity inheritance is 
needed. Heinbecker, White and Rolf (1944) conclude from the medical 
literature that lesions of the hypophysis, the hypothalamus or both 
may lead to obesity. This view is supported by many experiments 
with dogs. Various forms of inherited obesity may thus be expected 
to occur. For constitutional types of obesity see Bauer (1945). 

Goitre 

(Coitre Is endemic or sporadic.^The enlarged thyr oid is a patholo gical 
distension of the vesicles of the gland by a clear substance called colloid. 
The"TOSdrtI6n results from {a) an exogenous factor, lack of iodine in 
the soil water or in the food (marine fishes contain much iodine), 
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(b) an endogenous factor, inefficiency of the thyroid in abstracting iodine 
from the food or its sensitiveness to lack of iodine. Endemic goitie 
occurs in regions where the normal thyroid cannot get enough iodine. 
Sporadic goitre results when the thyroid efficiency is far below the 
optimum. A sub-optimal environment will bring out any inherited 
deficiency in the thyroid, so the inheritance can be more easily studied 
in an endemic region where the cases are more numerous. Enlarged 
thyroids in dogs and even in brook trout can be cured by the use of 
iodine. Thyroxin was isolated from the thyroid in 1915. Recent 
work (see Harington, 1944) makes it very probable that this substance 
is formed in the body from tyrosine, with diiodotyrosine as an inter- 
mediate step. There is evidence that the first step of this transforma- 
tion is controlled by an intracellular enzyme. The inheritance element 
in goitre may then be based on the lack of this enzyme. It is probable, 
however, that many hereditary factors exist which influence iodine 
utilization in the body. 

Cabbage goitre can be caused by too much cabbage in the diet. A heat- 
stable substance produces thyroid hyperplasia in rabbits, but the cabbage 
also contains an antigoitrogenic substance (Marine el al., 1930). It has 
recently been shown (Wilgus el al., 1941) that soybeans will produce goitre 
in chicks and in young rats, but iodine will counteract the effect. The 
sulphanilamides and thiourea are also now known to cause enlargement of 
the thyroid. 

Riddle (1929) established thyroid races of ring doves by selection, 
some having large and some small thyroids. Crosses between these 
strains apparently remained intermediate for three generations, but 
the analysis as regards factors and dominance was incomplete. Thyroid 
size was shown to be influenced by many external and internal condi- 
tions, including altitude, diet, season, state of nutrition, unsanitary 
surroundings, iodine intake, age, intestinal flora, other endocrines, 
disease, and by sexual and psychic states. As in man, a large thyroid 
may mean over- or under-functioning. McCarrison (1930) showed in 
Coonoor, South India, that when rats were fed on diets deficient in 
vitamins they developed goitre, with the usual excess of females 
affected. Giving iodine to such rats favored goitre-production. Jn 
this stock of rats the thyroid was about half the size of that in tfie 
American strain. In earlier work in India, McCarrison (1909) had 
studied the endemic cretinism in the Chitral and Gilgit valleys and 
concluded that defective thyroid function in the mother was the essen- 
tial factor in the production of cretifiism in the child, a “nervous” 
type of cretin being produced, ^lue to the action of toxic agents bn 
the thyroid of the child in ut^fb. 
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In later experiments (McCarrison, 1914a), cretinous rats and goats were 
produced by giving the mother drinking water containing foecal matter 
from goitrous persons. This and other evidence led to the conclusion that 
cretinism and congenital goitre are both due to the action of toxic substances 
from the maternal intestine on the thyroid of the foetus. As only certain 
rats in a litter were cretinous, there is presumably here also an hereditary 
element. From a further study of the water supplies at Sanawar, in the 
foothills of the Himalayas (a region of endemic goitre), he concluded (1914b) 
that endemic goitre was not dependent on the geological structure of the 
soil but was produced by micro-organisms in the water supply. In regions 
of better sanitation, this factor should be of little if any effect. Eugster 
(1937) thinks endemic goitre is connected with the carbon dioxide content 
of the soil and hence with the nature of the carpet of vegetation. 

Riidin (1932) reviewed the various causes suggested for the endem- 
ism of goitre, especially in mountainous regions, and emphasized the 
possible effect of radioactivity of the rocks, but was unaware of the 
previous animal experiments. Zehnder (1937) made a study of seventy- 
eight Swiss cretins and from their physiognomy divided them into 
full, three-quarters and half cretins, also a small type without goitre. 
The cretinous types were fully characterised, with many anthropo- 
metric measurements. 

Female animals have more iodine per unit of body weight than 
males. They are hence more susceptible to iodine shortage. Temporary 
physiological enlargement of the gland may take place in females at 
puberty or perhaps in cold weather. In New Zealand the iodine content 
of the soil water was shown to be correlated with the incidence of 
goitre, which occurs in both Europeans and Maoris. 

Endemic goitre is well known in mountainous regions such as the 
Alps, Pyrenees, Andes and Himalayas. It was recognized in the Alps 
in Roman times by Juvenal and Pliny, and Marco Polo described the 
condition in the Central Asian plateau in the thirteenth century. It 
also occurs, for example, in parts of Germany, England and the United 
States.^ Severe endemic goitre is accompanied by cretinism, i.e., con- 
genital hypof unction of thyroid in the children, causing arrested 
physical and mental development and dystrophy (see Fig. 207, p. 561). 
A pedigree by Kutschera (cited by Pfaundler) shows nine cases of 
goitt^ and fourteen of cretinism in a Tyrol family (Fig. 204). Taussig 
(cited by Pfaundler) found that of 282 mothers of cretinous children, 
95 7 cent clearly had goitre. He concludes that there is no cretinism 
without a goitrous mother. The cretinous or cretinoid children were 
generally born in a consecutive series. When the wife was free from 

* Pfluger (1937) has made a study of the ^pgraphical distribution cf endemic goitre 
in Europe. \ 
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goitre at marriage they came in the middle of the sibs; when she already 
had goitre at marriage they came more at the beginning. The physio- 
logical and genetic relations of cretinism to goitre remain to be 
elucidated. 






li 


''d. 




I = Goitre 
1 = Cretinism 


Fig. 204. Pedigree of goitre and cretinism. (After Kutschera) 


A study of eighty-nine cases of cretinism (Lewis, 1937) in London 
of ages three to fifty-eight years showed that the mental improvement 
following th5rroid treatment is seldom as satisfactory as the physical. 
In fourteen families there was one other member (parent or sib) who 
was dull or feebleminded without cretinism. In America an exaggerated 
form of hypothyroidism exists (Gordon, 1922) which should be called 
myxoedema in children. It is not uncommon (340 cases in the litera- 
ture), is twice as frequent in females as males, shows both mental and 
physical retardation and is sometimes familial. Some cases are “cur- 
able” by thyroid, but the widespread character of this hereditary 
thyroid deficiency is insufficiently recognized. Myxoedema is char- 
acterised by low basal metabolism, and swelling which may result from 
proteins in the body fluids. 

All races appear to be equally susceptible to lack of iodine, but the 
thyroid gland of Japanese is said to be much smaller than that of 
Europeans. Rush and Jones (1925) found the distribution of goitre 
to be generally parallel in whites and Indians, except in the north- 
western states where the Indian diet contains more iodine, from the 
salmon fisheries. Goitrous enlargement of the thyroid is much more 
frequent in women than men.® Riebold (1915) collected sixty-five 
cases of goitre, 78 per cent of which were in females. From the study 
of nine pedigrees he concluded that it is inherited as a Mendelian 
character, dominant in females and recessive in males. But his pedi- 
grees show cases where a male who must be heterozygous has the 
disease. 

3 This also applies to negroes, mulattoes and Indian-white mixtures in Sao Paulo, Brazil 
(Spix and Martius, 1824). Green wald (1945) brings considerable evidence for the view that 
goitre was not endemic among the Indians and that it has only appeared in North and South 
America and in the Maoris of New" Zealand since their contact with Europeans. He also 
concludes that it was introduced from N. Italy to Derbyshire in 1717. After first (bntact the 
disease is severe, later becoming milder. This, as well as the experiments in India, suggests 
that a virus may be involved. Forbes (1870) states that the Aymara Indians on Lake Titicaca 
u.sed dried seaweed from the coast to cure goitre* 
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Figure 205 is from one of Bluhm’s (1922) pedigrees, showing transmission 
in milder form by unaffected males in two cases. The father of I. i belonged 
to a Dutch family and lived in Heidelberg, on the edge of a goitre region, 
until twenty-two years of age. Case I. i married an officer in Westphalia 
and lived there in a region free from goitre. The daughter, II. i, married 



@ = Goitre visible to a practised eye 

^ = Enlargement of gland only 
evident through palpation 

Fig. 20$. Pedigree of goitre. (After Bluhm) 

an East Prussian officer. She had a goitre as large as a child's head, and 
lived in Berlin in her old age, dying at ninety. Her daughter. III. i, also 
lived in goitre-free East Prussia until thirty, but developed the disease. In 
tins pedigree only females show the disease, and its onset is not before 
middle life. 

In eight families of Bluhm and Siemens one affected and three normal 
males transmit, while four normal and sixteen affected females transmit. 
Siemens held goitre to be due to one dominant sex-limited factor. 

Pfaundler (1924), from his collection of pedigrees, concluded that 
in some the inheritance was dominant and in others recessive. Brain 
(1927) found the same in England. A “dominant” pedigree with 
8 cases (79 i cf*) in four generations, from Northamptonshire, is shown 
in Fig. 206. The six pedigrees show twenty-four females and two 
males affected, apparently dominant but with occasional skips Where 
endemicity is low only females may be affected, where it is high the 
sex-mtio of affected may even reach equality.’ Brain suggested that 
females transmit more frequently because of the influence on the 
foetus of thyrpid disturbance in the mother. A survey of the school 
children in Northamptonshire in 1924 showed that 1.5 per cent of 
the boys and 7.6 per cent of the girls in urban districts were affected, 
4.2 per cent of the boys and 10.2 per cent of the girls in rural districts. 
Even in endemic areas certain families have a much higher incidence 


Evident goitre 
Transmitter 
d. = Died young 
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;han the general population, and there is no sharp distinction between 
endemic and sporadic goitre. Members of endemic families can de- 
velop goitre even though born and reared in non-endemic areas. In 
some areas the affected females outnumber the males 8 : i. 



Brain (1927) described five families in the London area in which goitre 
and congenital deaf mutism were associated in every case. The parents and 
relatives were always normal but it is not stated if they were related. In 
affected sibships there were 12 affected : 1 1 normal. This is probably a case 
of genetic linkage, both the goitre and the deaf mutism being regarded as 
recessive. 

Milligan (1926) examined the school children of Bath and Glossop 
for goitre, finding 8 per cent incidence for girls and 2.2 per cent for 
boys. In one family in four generations there were twenty affected 
females to one affected male, the condition becoming almost sex- 
limited. Normal sons transmitted goitre to all five of their daughters. 
A survey of English school children about twelve years of age (Stocks, 
1928) shows that the sex-ratio of incidence falls from ca. 5 ; l in areas 
nearly free from goitre to 2 : i where the prevalence in boys is 10 per 
cent and then gradually to unity in endemic regions of high incidence. 
The main area of high incidence forms a belt from Cornwall north- 
east through Somerset to Northamptonshire and Derbyshire and up 
the Pennines. The highest incidence is where the Devonian, Triassic 
or Carboniferous formations outcrop. 
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Stocks and Karn (1927) concluded from the statistics of a large-scale 
survey of boys and girls in England, that a possible relationship exists be- 
tween the prevalence of thyroid enlargement and cancer mortality, similar 
to that found in Swiss and American statistics but less pronounced. A 
survey of goitre occurrence in parts of Tipperary County, Ireland, in a 
thousand children of each sex between the ages of four and fourteen years, 
gives a total incidence of ca. 65 per cent, equal in boys and girls, contrary to 
the usual excess of affected girls. This condition can probably be explained 
by the extreme dearth of iodine in this area. 

Lloyd (1924) studied the incidence of goitre in St. Louis and Chicago. 
At St. Louis 100 unselected patients with goitre had 2781 relatives, 8.9 per 
cent of whom were goitrous compared with 3 per cent in the whole popula- 
tion. One hundred patients in Chicago with a family history had 38 per cent 
of goitrous relatives. In 40.8 per cent of cases goitre was accompanied by 
tonsillitis or seasonal sore throat. Twenty per cent of the children of goitrous 
mothers were affected, but there were no cretins. 


Bauer (1926) studied the particular form of goitre known as struma 
nodosa colloides in the Harz Mountains of Germany, an area of endem- 
ism. He collected 50 pedigrees containing 1463 persons with 172 cases 
of struma. The sex ratio of the affected was 49 : i cT . With increasing 
severity of symptoms this ratio approaches 1.6 : i. Aschner (1926) 
showed that Bauer’s results involved statistical errors. He did not 
show that struma is a single unit nor that it is dominant. In a histo- 
logical study of 466 thyroid glands, Schmid (1940) found that the 
weight curye had two peaks — one at puberty and one in old age, 
but there was no apparent influence of constitution on the histological 
structure of the goitre. 

An extensive study of endemic goitre near Zurich, with many pedi- 
grees, was made by Eugster (1934, 1935 )- He found from 12,000 records 
that inbreeding in the villages did not increase the incidence of goitre. 
The later-born in a sibship showed a higher incidence than the first- 
born. When a goitrous woman moves to a non-endemic area, later- 
born children have less goitre and vice versa. This is attributed to a 
plasmatic effect. The second part of this paper contains further 
extensive records and pedigrees, but the conclusion that endemic 
goitre Js environmentally determined and not hereditary is unjustified 
in view of other results which show that some are more susceptible 
than others. Part III is a study of 520 pairs of twins, in which he could 
find no certain difference in degree of discordance between MZ and 
DZ twins. If living under different conditions, both MZ and DZ 
showed greater discordance, and the age of separation (early or late) 
was irnportant. The condition of the thyroid at birth was found to be 
significant in connection with later resistance to goitre. 
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H^ugster (1938) has made a similar study of endemic cretinism in the 
Swiss cantons of Aargau and Zurich. He found that the high or low fre- 
quency of cretinism in particular areas ran parallel with that of goitre. 
While he agrees that hypothyroid ac- 
tivity is an elementary pathological 
factor in the production of endemic 
cretinism, he denies that heredity is 
involved, although admitting that 
constitution plays a part in deter- 
mining the localization and form of 
goitre. He finds numerous cases of 
cretinous children from non-goitrous 
parents, but no case of cretinism 
born in a goitre-free area and no 
higher consanguinity in the parents 
of cretins than in the general popu- 
lation. He also states that while 
immigrants to a cretinous area do 
not develop cretinism, their descend- 
ants in the second or even the first 
generation may do so. His twin 
studies are open to question. For 
example, the first pair, Gertrud and 
Anna, are .so dissimilar at one year 
of age that it is difficult to believe 
they are MZ even though both have a peculiar hypothenar pattern of the 
hands. Moreover, they are listed as di.scordant, whereas Anna was clearly 
cretinous at one year but outgrew it, while Gertrud was normal at one year 
but at eighteen was a cretinous dwarf. A typical cretin, fifty-one years old, 
is shown in Fig. 207. He is a dwarf, 136 cm. tall, speechless, with a broad 
saddle-nose, wrinkled face and typical cretin gait. 

Dc Quervain and Wegelin (1936) point out that cretinism is largely 
confined to countries with severe goitre morbidity, and that although 
England has goitrous areas it is free from endemic cretinism. They 
regard the connection between cretinism and goitre as proved. Figure 
208 shows two feebleminded cretins, aged twenty-two and twenty-one 
from the Darenth Colony, Dartford, England. A complete lack of 
thyrotropic function, beginning in ante-natal development, damages 
the brain beyond repair. 

Plattner (1938) made an anthropometric study of the hands of 107. non- 
goitrous male and female cretins. The hands are notably short, broad and 
stumpy, corresponding in size with those of a thirteen-to-fourteen-year-old 
boy and a ten-to-eleven-year-old girl respectively. In a later laOrnetric 
study (Plattner, 1940) of the cretin nose (cf. E'ig- 207), he finds that its 
length is that of a European boy of twelve, resembling the adults of primi- 
tive races such as the New Caledonians, the Melanesians or the Semang 



Fif^. 2 oy. Typical cretinous dwarf. (After 
Eugster) 
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Pygmies. The root of the nose is low and broad, the bridge very short and 
broad, the tip broad like the pygmies and other primitive races, blunt and 
frequently retrousse, the nasal index of males being 80.64. 



Fig. 208. Two feebleminded cretins, aged 22 and 21, from the Darenth 
Colony, Dartford. 

Endemic cretinism is seldom seen in America, but Shelton (1931) 
described a family of two boys and two girls in California. The mother 
was born near Belanzona, Switzerland, which was notorious for its 
goitrous cretins. Her hypothyroid ivsm takes the form of hayfever or 
asthma which is overcome by taking thyroid. The children show 
neither goitre nor myxoedema but are subnormal in size, with lordosis, 
prominent abdomen, retrousse noses, malocclusion and other defects 
which respond to thyroid. Unterrichter (1938) states that in one 
canton of the Tyrol, ten years of iodine salt prophylaxy extinguished 
the goitre and reduced the cretinism with its associated malformations 
from 1.5 to 0.4 per cent. 

Goodkind and Higgins (1941) studied twenty-three cretins in Boston 
who had received thyroid for five to twenty-four years. The thyroid 
treatment of twenty-one was omitted for eight weeks. They were 
tested and showed increasing hypothyroidism and increased cholesterol 
in the blood. In I.Q. they ranged from over 100 to below 70, but the 
degree of mental defect did not correspond with the degree of thyroid 
deficiency. They conclude that the mental defect is not due to lack 
of thyroid but is congenital and a separate efifect of the same hereditary 
cause. Thus, as has long been known, thyroid feeding may quicken 
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the mental processes of cretins but cannot make good a congenital 
mental defect. 

Bronstein, Bower and Murphy (1943) describe two boys (brothers), 
typical cretins in Chicago, aged thirteen and twenty-two years. Four sibs 
were normal. A sister and two of the mother’s, first cousins had thyroidec- 
tomies and the mother’s sister had an enlarged thyroid. They cite several 
other familial cases of cretinism in the United States. 

Davenport (1932) made an important study of endemic goitre in a 
mountain valley of western Maryland. Nine extensive pedigrees were 
collected, with a total of 297 cases (750’ 222 9) in four generations. 
The analysis of these pedigrees has led to a hypothesis of inheritance 
which fits the facts better than any previous one. He assumes a gene 
X‘ in the X-chromosome, which renders the female especially subject 
to thyroid enlargement, particularly at puberty, menstruation and 
pregnancy; and a gene A in an autosome, which has a similar effect, 
in both sexes, being responsible for imperfect construction or chemical 
action of the thyroid. Both genes are dominant and goitre develops 
only in the presence of both. This hypothesis agrees with the com- 
plicated inheritance in the pedigrees. Analysis shows that goitrous 
females will be X^X^AA, XX^Aa, XXAA or XXAa, while goitrous 
males will be X'YAA or X^YAa. Some of the other results are shown 
in Table 17. 


TABLE 17 

GOITROUS GENOTYPES AND THEIR OFFSPRING 

X>X>AA X X'YAA = FiX*XiAA 9 XiYAAcf, all goitrous. 

X‘XAa X X^YAa = Fi 9 9 3 aff. : i norm, o' O' 3 aff. : 5 norm. 

X‘X>Aa X X'YAa = Fi 9 9 3 aff. : i norm, o' o' 3 aff. ; i norm. 

XXaa X X‘YAa = Ft 9 9 2 aff. : 2 norm, cf cf i aff. : 3 norm. 

X‘Xaa X X'YAa = Fi 9 9 i aff. : i norm, c? o’ i aff. : i norm. 

XXAa X X^Yaa = Fi 9 9 i aff. : i norm, d’d' o aff. norm. 

XX‘aa X XYAa = Fi 9 9 i aff. : 3 norm, o' o' i aff. : 3 norm. 

Various other combinations are possible. It will be seen that the 
proportions of affected males and affected females will vary widely 
according to the homozygous or heterozygous presence of these two 
dominemt factors, one of which is sex-linked. Two normal parents 
may have a goitrous daughter or even goitrous children of both sexes. 
Further tests will show whether any of the supposed dominaht or 
recessive pedigrees fail to conform to these rules. 

Meulengracht (1933) described a family in Copenhagen in which 
two normal parents produced six daughters, all with goitre, and five 
sons, all normal. The mother had a goitrous sister. Such a result 
would be possible if the genetic composition of the parents corresponded 
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with line six of Table 17, but improbable. He finds, contrary to other 
results, that endemic goitre is almost equally frequent in both sexes 
before puberty, and he is led to doubt the genotypic basis of sporadic 
goitre. 

A pedigree of sporadic goitre, collected by Siemens (Brugsch and Lewy, 
1926) contains nine cases, all females, in six generations, the inheritance 
always from mother to daughter. The condition in this family may be 
regarded as sex-limited. 

Kemp (1933) reported a goitrous family of Dutch-English extraction 
in Long Island (a non-goitrous region) with seven cases, all female, in 
three generations. Of the adult daughters, there were six affected 
to one normal. On Siemens’ theory of a dominant gene limited to 
females, only half the daughters should be affected. Kemp suggests 
a dominant gene in the X-chromosome which also causes non-dis- 
junction of the XX in the female, together with sex-limitation. Females 
would then be XgXY, their egg cells XgX and Y. With X and Y sperm, 
the zygotes would be (i) XgXX, (2) XgXY, (3) XY, (4) YY. (i) and 

(4) might be lethal or sterile, (2) would give daughters transmitting 
goitre, while (3) would be normal sons. This is essentially like the 
linked XX assumed in the Cunier pedigree (p. 28) except that he 
calls it non-disjunction. But why should every goitrous pedigree 
happen to show non-disjunction or linked XX? Exceptions could 
occur, as in Drosophila, giving Xg and XY or X and XgY. These 
with normal sperm would give (i) XgX, (2) XX Y, (3) XX, (4) XgXY, 

(5) XgY, (6) XYY, (7) XY, (8) XgYY. Of these offspring, (2) and 
(3) would be non-goitrous females, (5) and perhaps (8) would be 
goitrous males. It is clear that still more pedigrees are necessary to 
settle these questions. 

There are curious physiological relations between iodine and another 
hdXog^vi, jiuorine. In support of an antagonism between them. May (1935) 
found that in rats fed iodine the thyroid had its follicles filled with colloid, 
the connective tissue in the gland being reduced. After administering 
fluorine, the follicles were small, with little colloid, and the connective tissue 
increased. He applied fluorine therapy to goitrous patients to produce 
hypoplasia of the thyroid. Endemic fluorosis (mottled enamel) is described 
in rhany parts of the world with waters having one part of fluorine per mil- 
lion. Stiff back and elbows occur when the fluorine reaches three parts per 
million. Wilson (1939) points out that dental fluorosis occurs in Essex, 
Somerset, Derbyshire and other parts of England. He also (1941) shows 
that the distribution of endemic goitre in the Punjab and in England is 
related to the geological distribution of fluorine and of dental fluorosis. 
The plains of the Punjab have long been known as a centre for endemic 
goitre and cretinism, and they show a high degree of dental fluorosis. Both 
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these conditions are present also in the school children of two areas in 
Somerset, while in an adjacent area both are absent. In such areas, iodine 
in the soil waters must be replaced by fluorine. Fluorine is one of the trace 
elements, necessary for nutrition. The absolute iodine content of the soil 
water is not the only factor in endemic goitre. Something else must deter- 
mine the availability of the iodine for the human organism. In the thyroid 
it first forms 3:5-diiodotyrosine, which is then converted into thyroxine. 
This is finally stored in the form of thyroglobulin or colloid, the secretion of 
which controls the rate of metabolic processes. 


Exophthalmic Goitre 

This condition, also known as Graves' disease, Basedow's disease, 
thyrotoxicosis and hyperthyroidism, was only described at the beginning 
of the nineteenth century. It is characterised by an enlarged thyroid, 
rapid pulse, exophthalmia (eyes protruding) and other symptoms. 
Emaciation results, and an increcised basal metabolism. Lesions of 
the sympathetic nervous system are believed to be concerned in 
producing the excessive thyroid activity. 

Campbell (1925) found that, although it is not supposed to be 
endemic, the disease is most common in Cornwall, Devon, Somerset, 
parts of Wales, Westmoreland and parts of Lancashire and Yorkshire, 
which correspond at least in part with the areas of endemic goitre. 
In Scotland one man dies of it for every ten women; in Ireland the 
ratio is I : 7, and the birth rate is lower where the disease is prevalent. 
Read (1939) has studied the incidence of Graves’ disease in the United 
States. He finds on the contrary that its occurrence is more or less 
uniform and that it occurs in regions where endemic goitre is unknown. 
Reveno (1931) developed the view that exophthalmic goitre results 
from a long-continued toxic process in the intestinal tract. This 
damages the thyroid, causing destruction of its tissue and producing 
faulty metabolism of tyrosine, which results in an excess of its deriva- 
tives, thyroxine, epinephrine and tyramine. 

Bram (1929) concludes from a study of over four thousand cases 
that the disease syndrome is neither goitre nor purely a disease of 
the thyroid. He lists seven symptoms which should be present and 
finds twenty-six different forms of the disease. As exophthalmos and 
goitre may occasionally both be absent, this name should be dropped. 
A pedigree (Fig. 209) by Prissmann (1929) shows 12 cases (ii 9 i cf ) 
in four generations, associated with marked nervousness, tuberculosis, 
mental defect and artistic nature. Case IV. i was sixty^eight, and 
never showed any symptoms of hyperthyroidism, yet he transmitted 
it to half his children. Presumably his sex hormones prevented its 
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expression. The pedigree indicates a dominant with expression chiefly 
in the female sex. Martin (1939) regards thyrotoxicosis as having two 
main components, (i) thyroid overactivity or dysfunction, (2) insta- 
bility of the autonomic nervous system. He studied thirteen 9 cases. 
One patient’s family had 7 cases (2 cf 5 9 ) in two generations, the 
grandparents both being normal. Shillington (1945) cites a family 
with extreme congenital exophthalmos in the mother, two sons and a 
daughter. 
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Hg. 2 og, Pedigree of Basedow’s disease, exophthalmic goitre. (After Prissmann) 


Bram (1933) later investigated 220 cases of Graves’ disease without rise 
in basal metabolism or loss of weight. He concludes that Graves’ disease 
and hyperthyroidism are not synonymous terms, and that the former may 
occur without thyroid excitation. Lehmann (1937) finds that in pedigrees 
of hyperthyroidism all degrees may occur from mild forms to those with 
tachycardia, protruding eyes,^ tremor of the hands, great excitability and 
increased metabolism, 

^ Smelser (1937) finds exophthalmos due to excess orbital tissue in the cases examined. 
The connective tissue, fat and muscles were oedematous and conditions were similar in 
hyper- and hypothyroid cases. He produced exophthalmos in guinea pigs by injecting an- 
terior pituitary. Removal of the cervical sympathetic did not inhibit the increase in orbital 
tissues. In further papers, Smelser (1939) finds that not only the orbital fat and connec- 
tive tissue, but also the body fat is affected (to a lesser degree) by injecting pituitary ex- 
tract." Also (1943) the hypertrophy of the extraocular muscles and the orbital fat is due 
to increase in water content. 

Rundle and Wilson (1944) find that the ophthalmoplegia in Graves’ disease is generally 
bilateral and depends primarily on weakness of the superior rectus muscle. Rundle and 
Pochin (1944), in a study of seventeen human cases, find that the exophthalmia is accounted 
for quantitatively by increase in the retro-bulbar tissues. The fat content of the eye muscles 
was doubled. Pochin (1944) finds that in growing guinea pigs exophthalmia can be produced 
in 48 hours by injections of ante-pituitary. This was due to oedema of orbital tissues, 
especially the dorsal lachrymal gland. He concludes that the relative increase in water con- 
tent is due to decrease in the fat content of the wasting muscles. Exophthalmos has generally 
been attributed to excess of thyrotropic hormone (not thyroxin). 
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The dominance is often irregular and females are much more fre- 
quently affected than males. In a later paper (1938) he reports 29 pedi- 
grees with 108 cases and 15 pairs of twins. These results support the 
hypothesis of one dominant factor which shows weak expression in 
the male sex. The 19 cases in men show reduced symptoms in ii. 
Several degrees of the disease exist in both ^xes and are believed to be 
due partly to modifying genes and partly to environmental influences. 

In a series of 332 patients with goitre, Rundle (1941) found that 22 per 
cent had a family history of thyroid disease, i.e., toxic goitre (Basedow’s 
disease), hyperthyroidism, myxoedema or simple goitre. Psychic trauma is 
frequently associated with the onset of symptoms and exophthalmia can 
develop without other symptoms. One family shows three cases of goitre 
and three of toxic goitre (all females) in three generations. The genetic 
relation between these two forms of goitre requires further investigation. 
Steiner (1936) described a pair of MZ female twins, forty years of age, one 
of whom developed Basedow’s disease and the other thyrotoxicosis at the 
same time. 

Bartels (1941) has recently examined the whole question of the 
inheritance element in the various thyroid diseases. From numerous 
pedigrees and case records. Graves’ disease is only recorded in three 
generations in one family. He thinks the condition shows pronounced 
sex-limitation, but not sex-linkage, and is unable to decide between 
polymeric factors, irregular dominance or recessive inheritance. He 
rejects the theory that Graves’ diseeise corresponds with a hyperthyroid 
and myxoedema with a hypothyroid constitution. In myxoedema the 
connective tissues are swollen and the skin dry. In families with 
Graves’ disease, simple goitre and myxoedema often occur, so there 
is probably a genetic connection between these thyroid affections, all 
of which have an inheritance element, but the manner of inheritance 
of myxoedema cannot be stated. It is regarded as established that 
goitre and Graves’ disease can be due to the same hereditary disposi- 
tion, which can also probably develop myxoedema. Bartels thinks 
sex-linkage can be excluded, but that a simple recessive gene is involved, 
with sex-limitation to women and a penetrance of 70 to 80 per cent. 
Toxic adenoma of the thyroid is regarded as toxicosis in an existing 
goitre, hence hereditary or not according to the nature of the -goitre. 
While hereditary disposition plays a part in endemic goitre, congenital 
goitre and endemic cretinism are regarded as non-hereditary. Sporadic 
goitre is found to be inherited in the same way as Graves’ disease. 
Schmidt and Hertzler (1942) regard c«irdiotoxic goitre as a distinct 
entity in which the thyrotoxicosis results from a perverted thyroid 
secretion. 
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Riddle (Carnegie Year-Book, 1942) finds that the eggs of goitrous female 
pigeons take two to three days longer to hatch. The young from goitrous 
females have large thyroids at hatching. Iodine in the diet is effective. 

Eugster (1942) made an extensive study of the type of capillaries at the 
base of the finger-nail in goitrous and non-goitrous members of families in 
areas of endemic goitre in Switzerland. From a comparison also of identical 
twins, he concludes that peculiar types of capillary form are probably not 
produced by the goitre. 

Eckes, Glasser and Mersheimer (1943) describe juvenile hyper- 
thyroidism in three sisters and their cousin. Sutphin, Albright and 
McCune (1943) describe an Italian family with idiopathic hypopara- 
thyroidism. The parents were first cousins and three of ten children 
were affected. These three also had Monilia infection, and these two 
conditions were also associated in two unrelated cases. The three sibs, 
their father and some of the other sibs also had hypochromic poly- 
cythemia. The conditions suggest that hypoparathyroidism is reces- 
sively inherited and accompanied by or linked to Monilia susceptibility. 
It is characterised by high calcium excretion and high phosphorus 
content in the blood. 
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Chapter XIV 

HEMOPHILIA AND RELATED HEREDITARY CONDITIONS 


A mong abnormalities of the blood system takes a 

leading place. It was first characterised by John C. Otto in 
Philadelphia in 1803, but as early as 1519 Albucasis in Cordova 
described men who bled to death when not severely wounded. From 
statements in the Talmud (second century a.d.) regarding circumcision 
it is evident that there were hemophilics in ancient Jewish families. 
There was also some knowledge of its “sex linkage” (see M. Fischer, 
1932). Fordyce (i78L(.) pointed out the hereditary nature of this abnor- 
mality and described a female hemophilic. Wickham Legg (1872), in a 
treatise on hemophilia, found “ that women are much less disposed than 
men, the attacks being milder and atypical.” This view nearly corre- 
sponds with recent knowledge of the subject. 

The recent evidence, as summarized in this chapter, necessitates a 
fundamental revision of current views, as it shows (i) that heterozygous 
females not very infrequently are partial bleeders, the bleeding appear- 
ing in some cases only before puberty or after the menopause, (2) that 
hemophilia, while generally sex-linked, is (like other abnormalities) 
dominant in occasional families and probably recessive in rare cases. 
It is recessive in pigs (but see p. 610). Sex-linkage should therefore 
not be regarded cis an essential diagnostic feature of hemophilia, 
although this is its usual method of inheritance. Several other types 
of bleeders are now known, including a dominant sex-linked form in 
which females are severely affected, as well as dominant pedigrees of 
epistaxis (nosebleed), telangiectasis and capillary fragility. It is pos- 
sible that prolonged clotting time has been overemphasized as an 
essential diagnostic feature of hemophilia. It is clear that many differ- 
ent genes exist which produce bleeders of different types, some of these 
genes being sex-linked and some dominant. Genes producing mild 
forms of bleeding appear to be particularly common in Russia. Finally, 
it is highly probable that homozygous female hemophilics exist; and 
in any case severe bleeding from slight wounds is certainly not incom- 
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patible with the female sex, as has frequently been assumed in the 
past. 

Otto (1803) explained that hemophilia was confined to males; he 
called them bleeders and pointed out that although females were exempt 
they could transmit the condition to their male children. Hemophilia 
is a typical example of recessive sex-linked inheritance and a large 
number of extensive pedigrees have now been published, generally 
following this rule with minor deviations. Hay (1813) published the 
first extensive pedigree of hemophilia (Fig. 210), in which the condition 
was followed through six generations in the Appleton-Swaine family. 



Fig> 210. Hay’s original pedigree of hemophilia. The part below the 
dotted line was added by Osier. 

Case I. I lived at Ipswich, Massachusetts, about 1713 and died in old 
age from hemorrhage where the skin was worn from his hips by long 
confinement in bed. His two daughters both transmitted the condition 
to their sons. Two of these sons again transmitted to their grandsons, 
and two of the five daughters in generation HI again passed it on to 
their sons. In 1885, Osier extended this pedigree, adding the part 
below the dotted line in Fig. 210. He states that VII. 1 died ca. 1873 
and that the condition was handed down to the seventh generation 
in about two hundred years. It will be seen that four affected males 
have transmitted the condition to their thirteen grandsons and that 
in one line it has been transmitted through five successive generations 
of hormaf females. Niss6 (1927) has endeavoured to' minimize the evi- 
dence for transmission by males, but even he is forced to admit its 
occurrence in the case of IV. 5 and IV. 7. He contributes a fresh 
pedigree which also follows Nasse’s Law, i.e., the course of the 
Xichromosome (see Fig. 4, p. ii). 
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Nasse (1820) formulated the law: women transmit the condition 
from fathers to their children, but never exhibit it. This conclusion 
could only have been derived from a study of Hay’s pedigree) He 
refers to the work of Otto, Hay and Fordyce. There are many sub- 
sequent proven instances of transmission by an affected father to 
his grandsons through his normal daughters, all of whom will be 
potential transmitters since they all receive his X-chromosom^ 

In many pedigrees, especially of the more extreme forms of hemo- 
philia, however, the mortality of affected males is so high that few 
or none survive to the reproductive age. This led Lossen (1876) to 
formulate his “law,” based on a study of the Mampel family in Heidel- 
berg, that no son, even though a bleeder, ever transmits. Modern work 
has shown this to be quite erroneous, resulting simply from the sub- 
lethal condition of- hemophilic males. In the Mampel family he 
described, nine out of seventeen cases bled to death. 

fin recent years the extensive literature of hemophilia has been 
devoted mainly to (i) the etiology and possible “cure” of the disease, 
(2) its relation to other forms of bleeding, (3) the occurrence of hemo- 
philia in women. These topics will be considered, following a survey 
of the earlier work. The records indicate that hemophilia is particularly 
frequent among the Germanic peoples. If h represents the gene for 
hemophilia and H its normal allelomorph, then men will be H or h 
and women HH, Hh or (if viable) hh. From the later records it will 
be clear that the hemophilia in some families is consistently more 
severe than in others, and there are certain other family differences 
in the blood picture, indicating the existence of perhaps several different 
genes for hemophilic conditions — all probably alleles.*' As Haldane 
(1935) points out, the severe form, i.e., the wide mutation, is much 
more frequent than the mild form, and this is in accord with the muta- 
tion ratfes for wide and narrow mutations found in some other organ- 
isms. Haldane pointed out that in a population containing a sub- 
lethal gene such as hemophilia in the X-chromosome, about one-third 
of the chromosomes with such a gene will be carried by males and 
most of these will be lost in each generation. The mutation rate to 
renew the gene must then be approximately equal to the frequency of 
hemophilia, which he estimated at i in 50,000 in the population of 
London. • . 

That such mutations occur, there is plenty of evidence. ''Since hemo- 
philia is known to have been transmitted through as many as five 
successive generations of normal females, the evidence for a fresh 
mutation will be stronger the larger the number of normal males in 
the female line of ancestry) From this point of view the pedigree of 
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Boggs (1934) is most striking (Fig. 21 1). It stretches back five genera- 
tions with large numbers of normal males, making it certain that 
hemophilia was not inherited through the females. The only possible 

I 

II 

III 

IV 

V 

Fig. 211. Mutational origin of hemophilia. (After Boggs) 

loophole is that IV. ii might have been an illegitimate child with a 
hemophilic father. Considering the rarity of hemophilic fathers, this 
possibility can be dismissed. Boggs lists fourteen other cases of "spon- 
taneous” hemophilia (mutations) from the literature. Another strong 
case is that of DeLacey (1931). Figure 212 shows that III. 2 could 
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Fig. 212. Mutational origin of hemophilia. (After DeLacey) 

hardly have been a carrier, as none of her five sons nor the seven sons of 
her two daughters showed the condition. The male twins in generation 

five were presumably not monozy- 
gotic, but the point is not mentioned. 
The condition must then have arisen 
in the germplasm of IV. 9, or from 
a mutated germ cell of her father, 
III. I. 

In still another case (Rewcastle, 
Fig- 213 ‘ Possible origin of hemophilia 1939) the evidence for mutation is less 
by mutation. (After Rewcastle) strong (Fig. 213). He estimates that 
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such a pedigree could occur through inheritance ca. once in twenty-one 
times and considers that at least half of all such affected sibships show no 
family history. Price Thomas (1931) described a boy with prolonged clot- 
ting time, but no case of hemophilia in the ancestry for three generations. 
He had hemarthrosis and profuse hemorrhages, but the blood-calcium was 
low whereas in hemophilia it tends to be high. In the discussion. Dr. Wyllie 
mentioned a case in which there was no trace in the family history for 
seven generations. In these cases, since the normal females transmit, it is 
their ancestry rather than that of the fathers, that needs to be traced. 


’'l^rks (1937) has put forward the theory that nearly all males carry 
a recessive gene h for hemophilia in the Y-chromosome and that the 
de novo appearance of hemophilia does not signify a mutation but 
merely crossing-over of this gene from the Y- to the X-chromosome. 
Such crossing-over is known to happen in Lebistes and other fishes 
and in various cases cited in this book. How the Y-chromosome 
acquired this hidden supply of defective h genes is not explained, but 
a cross-over rate of ca. 0.5 per cent is assumed. On this theory the 


male genotypes will be and the last only being 

xrl in lU in 

XH XH Xh 

hemophilic. The female genotypes are and the last being 


possibly lethal in some cases. Haldane (1938b) has pointed out diffi- 
culties with this ingenious hypothesis which make it highly improbable. 
He shows that this emptying of defective hemophilic genes from the 
Y into the X by crossing-over cannot have been going on for as long 
as 1,000 generations and the cross-over rate must have formerly 
been very much less. Moreover, there must be some YH chromosomes 


(resulting from the assumed crossing-over). From the mating 


XH 

Xh 


9 X 


XH Xh 

zpzzd' half the sons would be r=j and these normal males must trans- 
YH iH 

mit hemophilia to their daughters’ sons] It may be pointed out that 
such a case is stated (Dunn, 1883) to have occurred, a normal son with 
three brothers who were bleeders having transmitted hemophilia 
through his son to two of seven grandsons. Again, on this hypothesis, 
mild hemophilia (h') should occasionally occur in one fraternity of a 
pedigree showing severe hemophilia, but hitherto the conditions appear 
to be unifonfi in each pedigree. Dunn recorded eleven families,* in 
some of which the condition was clearly sex-linked. In one, three 
daughters bled to death from epistaxis and the mother developed 
purpura. 

Haldane (1938a) and Gun (1938) have traced the hemophilia in the royal 
families of Europe. There is no trace of the condition in the present British 
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royal family, but Haldane thinks that it originated as a mutation in Queen 
Victoria. It seems more probable that the actual mutation, whatever its 
nature, occurred in a germ cell of her father, the Duke of Kent. Gun suggests 
that her mother, the Duchess of Kent, might have transmitted it, but she 
was one of ten normal children (five sons and five daughters) and there is 
no hemophilia in her other desceadants. 

By an analysis of the pedigrees collected by Birch (1937), in which 
there- are records of twenty-one daughters of hemophilic fathers who 
in turn .had one or more affected sons, Haldane and Philip (1939) are 
able to show' (i) that the daughters of hemophilic men produce equal 
numbers of normal and hemophilic sons, (2) that ha,lf the sisters of 
hemophilic men are heterozygous for hemophilia. Haldane's (1935) 
ca^ilations indicate that a hemophilic gene will die out, on the average, 
in about three generations in a stable population, but in -some families 
it persists through many generations. 

Fairbank (1930) gives a pedigree of typical hemophilia with ten 
c^ses (all males) in three generations. The condition can be traced 
back for six generations. The bleeding is frequently into the knee-joint 
but in one case is mainly epistaxis (nosebleed). In another family 
(Mills, 1930) with twelve or fourteen cases (males) in four generations, 
five daughters of a hemophilic all transmitted to their sons. The sib- 
ships showed 10 affected : 10 normal males. In a family with four 
affected sons of two normal mothers who were sisters (Seddon, 1929), 
two died and the third developed hematomyelia (bleeding into the 
spinal cord) following an accident. Fonio (1933) described a Swiss 
pedigree of hemophilia with seven cases in two generations at Soglio 
where there is much inbreeding. The symptoms included bleeding into 
elbows, knees and foot joints. The previous generations were normal so 
far as traced, so this case might have had a mutational origin or it might 
be connected with the Tenna family in the same canton. Muir's 
(1906) South African Dutch family of severe hemophilics included 
three cases of Nasse transmission in five generations. There were at 
least twenty-seven hemophilics in seven generations, descended from 
a man who was born in 1783 and died of epistaxis in 1852. 

Enriques (1922) cites a family with hemophilia in mother, daughter 
arid granddaughter only (supposed hologynic inheritance) but there are 
no clinical details. It may be pointed out that Enriques introduced 
the terms holandric and hologynic in this paper. He also cites a pedi- 
gree of Grandidier with hemophilia" in the mother and three daugh- 
ters. ' 

A strange case of ^‘acquired hemophilia" is described by Brainbridge 
(19^7). An English architect in Nairobi, Kenya, age forty-one, had his 
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appendix removed ten years preyiously without untoward effect but bled to 
death following tonsillectomy. There was no hemophilia in his ancestry. 

The criteria of hemophilia as listed by Joules^ and Macfarla'ne (1938) 
are (i) a tendency from infancy to excessive bleeding from trivial 
injuries, (2) later, hemorrhage into the joints, (3) dela^ in coagulation 
but no quantitative change in platelets, prothrombin, fibrinogen or 
calcium content," (4) absence of any cause for hemorrhagic tendency 
except defective blood coagulation. Retardation of coagulation also 
occurs in prothrombinopenia, fibrinogcnopenia, heparinopenia and 
extreme thrombocytopenia. Hemophilic bldbd, like that of lower 
vertebrates and of embryos, remains stable at room temperature,/ but 
clots at a temperature of 30° to 45° C. Pickering and Glac^stone (1924) 
therefore suggest that hemophilic blood is in an embryonic condi- 
tion. 

Witts (1941) has compared critically the various hemorrhagic condi- 
tions-and emphcisizes the part played by the capillaries. Tbey contract 
well in hemophilia and the bleeding time is normal, but when they 
relax following a wound hemorrhage recurs from failure of coagulation. 
Thromboplastin is' found to consist of a water-soluble heat-labile pro- 
tein and a fat-soluble heat-stable liquid. Witts suggests that hemo- 
philia is associated with shortage of the v/ater-soluble factor and 
purpura hemorrhagica with shortage of the fat-soluble factor. 

It appears to be established that splenectomy effects a permanent 
cure of -purpura hemorrhagica, but the reasons are obscure. That the 
symptoms can be removed, renders the disease more serious than 
before from a eugenic point of view, since the transmission to the next 
generation remains, of course, unaffected. In an earlier paper, Witts 
(1932) reported that Osier’s telangiectasis is little rarer at Guy’s Hos- 
pital than hemophilia. It is distinguished by the blood being normal. 
Hess (1916) recognized the diminished number of platelets in purpura 
hemorrhagica. When they are reduced to 50,000 per cubic millimeter 
from any cause there is excessive bruising and bleeding from trivial 
injuries. The bleeding time is prolonged and the tourniquet produces 
“purpuric eruption.” Witts (1932) published three pedigrees: 

1. Five cases (40’ i 9) in two generations; probably dominant. 

2. Two boys and a girl in a family with normal parents and two normal 
sibs. This is either recessive or an irregular dominant. 3. Four children 
from normal parents died of hemorrhage from the cord at birth. Of 
eleven children, all but the eldest suffered from hemorrhage of the 

^Copley and Lalich (1942b) have introduced a new test for hemostasis, which they call 
clot resistance. This is lower than normal in hemophilics, but injection of extract of Bursd 
pastoris following blood transfusion increased the clot resistance in twp eases, 
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eord. This points to some placental effect like that in erythroblastosis 
foetalis {q-v.), or lack of vitamin K. 

Witts recognized only three types of bleeders: (a) hemophilia, 
(b) telangiectasis, (c) the hereditary hemorrhagic diathesis. The latter 
has symptoms of purpura hemorrhagica but with the platelets incon- 
stant, and the frequency is about twice as high in women as in men. 
Willebrand’s type of sex-linked dominant bleeding (see below) appears, 
however, to be distinct from this. There are other types as well which 
app^u’ently fall outside his classification. 

"Hemophilia is common in the Black Forest, in mountain valleys 
^d small isolated villages. Schloessmann (1924-1925) studied 24 fam- 
ilies (1596 persons), following some of them through six or seven genera- 
tions. The largest pedigrees are the Kiefer (298) and Bott (219) fam- 
ilies, which are interrelated and make a complex of 517 individuals. 
The next largest are Hossli’s (about 400) and Lossen’s (Mampel) 
family with 213. Five cases of “sporadic” hemophilia are cited. In 
one the pedigree includes large families in two generations with a single 
hemophilic, giving strong evidence of a de novo origin. In another 
large pedigree in six generations it appears in two brothers of the fifth 
generation. In this Ccise the germinal origin would have been in the 
mother. She had ten brothers, all normal, so her mother could scarcely 
have been a transmitter. In another pedigree three brothers in the 
third generation are bleeders. Their mother’s mother, who should 
have been a carrier, had five healthy brothers, some of whom should 
have shown the condition if it was in the germplcism of this family. 
But the mother of the three brothers had strong nosebleed as a girl, 
and one of their sisters bled abnormally from the skin and under the 
skin from slight scratches. So she was probably heterozygous, the 
mutation having occurred in the germ cells of her father. In another 
case the mother of two bleeders bled unusually copiously in menstrua- 
tion and at childbirth. This is characteristic of some women carriers, 
and Schloessmann believes that women carriers ceui be detected by 
the coagulation time. 

That bleeder males can transmit, is now proven by many cases 
besides those in Hay’s original pedigree (Fig. 210). Pedigree XIX of 
Sghlbessmann contains a case of a hemophilic father transmitting it 
to his daughter’s son. In the Kiefer pedigree, a bleeder bom in 1798 
married twice, and by each wife transmitted hemophilia through the 
daughters to later generations. One at least of the female descendants 
of this family bled from the nose and teeth, showed blue marks under 
the skin and had a slow clotting time. Female “bleeders” only occur 
in the Calmbach complex of families, yet the women in otlier pedigrees 
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Frequently show such a tendency, and every carrier tested was found 
to have aH increased coagulation time. Nevertheless, the complete 
phenornena of hemophilia do not generally show in women. Since all 
theX-bearing sperm of a male bleeder will carry the defective X-chro- 
mbsome, it is obvious that if he has any female children they must all 
be transmitters. Non-viability of the X-bearing sperm would prevent 
such transmission, but hemophilic adult males who marry have both 
male and female children. On the other hand, they cannot normally 
transmit to a son, because a son does not get an X-chromosome from 
his father. 

Bulloch and Fildes (1910), in their extensive monograph on hemophilia, 
bring together a vast amount of information and many pedigrees, with a 
full consideration of the early literature. In the 44 families studied there 
were 644 males and 464 females — a great excess of males. The marriage- 
rate of males in bleeder families is very much lower than of females (9.6 per 
cent : 36.8 per cent). Little and Gibbons (1921) explained the large excess 
of hemophilic to normal males in sibships of hemophilic families by assuming 
the presence of a lethal factor linked to the normal allele of hemophilia. 
Thus they found 551 hemophilic males where 457 were expected. If a linked 
lethal is present, there should also be a decrease of female children in certain 
sibships. The sex-ratio was found to rise correspondingly from 122.55 to 
157.8. Similar but less marked sex-ratios were found with color blindness. 
Catcheside and Lea have recently made important studies of the dominant 
and recessive lethal mutations in Drosophila (J. Genetics^ Vo\. 47, No. i, 

■ 1945)- 

, Bauer and Wehefritz (1924) gave a number of pedigrees of hemo- 
philia dsvd thrombopenia deficiency of thrombocytes in the blood). 
The latter is a simple dominant, appearing in either sex in all genera- 
ffohs, and needs to be carefully distinguished clinically from true hemo- 
philia. Some supposed female “bleeders” are cases of thrombopenia. 

Warde (1923) traced a pedigree of hemophilia with twelve cases in 
five generations (Fig. 214). The fifth generation contained seven 
normal daughters and seven sons, four of whom were hemophilic. 
The propositus (IV. 8), as a girl of ten, weis found unconscious through 
loss of blood from a tooth extraction. Afterwards she had severe 
hemorrhage from a cut thumb, and on another occasion bled for two 
weeks after opening an abscess. She was easily bruised, and when her 
hemophilic Mn was bom she suffered from hemorrhage. The son died 
from bleeding at the age of five years. The coagulation time of this 
woman was 3 to 3.35 minutes at 37° C. After special treatment she 
survived an operation for carcinoma of the breast, but the wound bled 
for three weeks. This woman no doubt had hemophilia in a reduced 
and sublethal form. Such cases show that irregular dominance in 
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the female is just as characteristic of hemophilia as it is of color- 
blindness. 

I d.M? 

II d. I 

III d.*XOd. 
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Fig, 214, Pedigree of hemophilia. (After Warde) 


Weinberg (1924) suggested in 1912 that homozygous female bleeders 
(there can be no such thing as a homozygous male bleeder, because the 
male has only one X-chromosome) were non-viable. This, if true, would 
account for the absence of female bleeders showing the full symptoms. 
Little and Gibbons (1921) made the same suggestion, and Mohr (1926) 
reached the same conclusion from a study of the mortality in a group of 
cases. Nevertheless there is strong evidence for the existence of homozygous 
female bleeders (see below). B. Lloyd (1925) described an American family 
and a Russian family, each of four generations, in which bleeding is accom- 
panied by swelling of the joints followed by discoloration and pain due to 
internal bleeding. The condition is incompletely recessive in heterozygous 
females, who show the symptoms, but less than males. One such woman 
who was a “pronounced bleeder’’ had a normal son, showing that she must 
have been heterozygous for the condition. 

Klug (1926) has published an account of the sixth generation of the 
famous Mampel family. The Mampels themselves no longer exist 
in Kirchheim, the descendants having emigrated to America, where 
nothing further is known of them. But the Teutsch and Wendling 
families, descended respectively from Elizabeth Mampel (born 1821) 
;and Anna K. Mampel (born 1830), have been followed in two pedigrees 
(see Fig. 215). Of the fifty-two families in this descent, only twelve 
have hemophilia, and in these only the males show abnormal bleeding 
phenomena. Klug points out mistakes of Lossen, whose scheme showed 
thirty-seven bleeders where there were really only twenty-three 
(including four in the younger generation). The others said they were 
bleeders in order to escape military service. The bleeding propensity 
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is stronger in some branches of the family than in others. These pedi- 
grees include but one true bleeder-father (IV. 8), who had three normal 
daughters and a normal son. But there is no doubt that these daughters 
would all be carriers. The modem families are smaller than formerly, 
and there is no excessive fertility. 



d. d. 


H = Pseudo bleeder 


Fig. 21 S- Pedigree of the Mampel family, in part. (After Klug) 


K. H. Bauer, from a study of 233 hemophilic pedigrees, including the 
Mampel family, also concluded that the homozygous female is lethal. 
Klug disagreed with this, but points out a discrepancy from expectation in 
that all the women in the Wendling family are carriers, and this can hardly 
be mere chance. But in the whole Mampel family there are 66 sons, of 
whom 27 are bleeders and 39 normal; and 58 daughters, of whom 14 are 
carriers and 10 not (as yet), the remainder not having had children. 


An interesting pedigree of hemophilia in an American family is 
described by Davidson and McQuarrie (1925). Eight generations 
descended from the marriage of a Quaker woman named Jasper to 
Sir William Crispin in 1746 contain fourteen cases (Fig. 216). It has 
been handed down through normal female carriers for at least six 
generations to VIII. 5. Number V. 2 had frequent attacks of uncon- 
trollable bleeding from nose and teeth, and was much crippled by joint 
hemorrhages. His “two sons and grandson” were not hemophilia, but 
according to the pedigree he had one son and a daughter. Again VI- lo 
is stated to have had two sons and two daughters, all normal, yet the 
pedigree shows only two daughters. The descendants of normal males 
are all normal. Case VI. 12 is another one of a hemophilic with children, 
his four sons all being normal as expected. Evidently in this family 
the bleeding is not so severe as in the Mampel family, but in female 
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transmitters the coagulation time and prothrombin time were never- 
theless greatly prolonged. Of the 27 sons of transmitters in this pedi- 
gree, 14 are bleeders, 1 1 normal and 2 doubtful. Of the 12 women who 
have married, 10 have transmitted the disease. 

Davidson and McQuarrie also describe a sporadic case of hemophilia 
with the characteristic blood picture. His ancestors and collaterals 
(sixty-five individuals) showed no trace of the condition for four 
generations back. 

Niss6 (1927) examined the 75 pedigrees of Bulloch and Fildes and 
showed that 47 out of 524 bleeders left offspring. In twelve cases there 
was transmission through daughters to their children, but most bleeders 
fail to reach adult life. In three Instances there was apparent trans- 
mission through a normal male, but Pickering (1928) points out that 
these were not true hemophilics. The speed of clotting was respectively 
4I, and 9 minutes, and In one the count of platelets was only 
87,000 per cubic millimeter of blood. The condition was therefore not 
hemophilia, but In one thrombocytopenic purpura is indicated. 

Lukowski (1927) gives a pedigree showing eight cases of hemophilia in 
five generations of a wealthy and intelligent Polish family (Posmiak), 
extending over a period of 132 years (1791-1922). In this family the con- 
dition takes an extreme form. All the hemophilics died from slight accidents, 
and the gene is essentially a lethal. None of the women died of hemorrhage, 
but many developed bluish marks from a slight bruise. The descendants 
from a sister of a bleeder show no bleeders through five generations. A 
baby, V. 23, born in 1922, was lightly slapped at birth to resuscitate him, 
causing large bluish marks lasting a week. At the age of four he bled for 
forty-eight hours from a superficial chin wound, and later he died after 
forty-four hours’ hemorrhage from a slight laceration of the rectal mucosa. 
A brother, after many bleedings from slight wounds, died at the age of four 
from nosebleed caused by bumping his nose. 

Another pedigree of hemophilia involves several interesting features 
(Madlener, 1928). H. Dorr, II. 6 in the pedigree (Fig. 217), had seven 
children and died in 1866, at the age of forty-six, of a clot on the brain. 
One of his daughters was a carrier, and another (III. 6) had subcutane- 
ous hemorrhages from an early age and often bled all day from a 
scratch. She became very pale from bleeding. Frau Dorr, her mother, 
had no known bleeders In her pedigree or relatives (forty-eight indi- 
viduals included), so III. 6 must have been heterozygous for hemo- 
philia. Cases II. 1,4 and 6 were also red-green color blind, this condi- 
tion being inherited like hemophilia. In this pedigree none of the 
female carriers showed longer clotting time, so that the condition in 
III. 6 is all the more striking. The women III. 10, IV. 4, IV. 6 and V- 1 
all belonged to blood group A, The suggestion of Lenz that the case 
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of III. 6 was perhaps one of pseudo-hermaphroditismus masculinus, 
an intersex, is very far-fetched. 

The Calmbach bleeders, a well-known family in the Black Forest, 
were first studied by M. Fischer in 1889. Schloessmann (1930) made 
an extensive investigation of them from the church books. Studt 
(1937) has compiled a large pedigree dating from 1614 and containing 



Fig. 217. Pedigree of hemophilia and color-blindness, showing an affected 
female. (After Madlener) 


four different kindreds, including two a,lready known. It covers 
II generations and includes 85 bleeders (63c?' 22 9), 52 women are 
normal conductors, and 17 normal sons against 63 bleeders are recorded. 
The reason for this large excess of affected over normal men is not 
clear. There is a possible connection between this Wiirttemberg family 
and the Swiss pedigree of Hoessly-Haerle (1931) referred to below. 
The Alemannen had their origin in the Black Forest and the Tenna 
and Safiens districts of Switzerland may have been populated by 
Germans from this area at the turn of the thirteenth century. Studt 
concludes that there is 2i female hemophilia which is distinguished from 
the male only quantitatively, the mean bleeding time being 7.4 minutes 
and the clotting time 16 minutes by Biirker’s method. Traum et al. 
(1931) found that in five male bleeders the clotting time ranged from 
ips to 12 minutes, average 60 minutes; in three women bleeders the 
time was 26-12 minutes, average 17.5 minutes. 

Another extensive pedigree, of the bleeders of Wald in the Ztirich 
Oberland, going back thirteen generations to a single couple, was com- 
piled by Pfenninger (1934), with twenty-six cases and seven other 
ancestors who must have been bleeders to account for the inheritance. 
In this family the law of Nasse is strictly followed, women conductors 
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always being normal. Fonio et al. (1937) made a survey of the hemo- 
philic families in the Bern district. Some thirteen pedigrees are 
recorded with three to five generations. In two families the males 
transmit (Nasse’s law); the rest follow a “weakened Lossen’s law,” 
a male occasionally transmitting. Of fourteen female carriers, six 
show a slight to definite tendency to bleeding, seven are quite normal. 
Three cases of sporadic hemophilia apparently arose as mutations in 
families where no bleeders were known, which suggests a high muta- 
tion-rate in this area. 



Fig. 218. One line of descent in the bleeders of Tenna. (After 
Hoessly-Haerle) 


A full study of the Tenna family near Zurich by Hoessly-Haerle 
(1931), with many references to the literature, disclosed some inter- 
esting features. First referred to in 1836, this family has been traced 
back ten generations to 1669. Vieli (1846) gave a short account of 
the family, recognizing roughly the method of inheritance. There 
were already twenty cases and they usually died of hemorrhage, 
hydropsy, gangrene or wounds. Among 866 members, only 48 are 
bleeders. There is frequently descent from a male bleeder (Fig; 218) 
and it may run through as many as five successive generations of 
(normal) conductor females. Occasionally a weak form of female 
bleeder occurs (Figs. 218 and 219) with, e.g., excessive bleeding from 
a tooth extraction or from childbirth. This is differet^l^y inherited 
(Fig. 219) and may represent a distinct mutation. In either case it 
is difficult to see why there is a change in the method of inheritanQ'^ 
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(to irregular dominant) unless the mutation is autosomal and quite 
independent of the gene for hemophilia. Eight such partial bleeder 
females occurred in the Tenna pedigrees, some of them (Fig. 219) 
inherited through a normal father. 



Fig. 2JQ. Another pedigree in the Tenna family, showing 
partial bleeders. (After Hoessly-Haerle) 


Since ordinary heterozygous (conductor) females sometimes show 
phenomeiia of bleeding, the condition while sex-linked is neither fully 
recessive nor fully dominant. 

As noted by K. H. Bauer (1922), 19 bleeder families were found to 
have a low birth-rate (3 children per family), 14 others higher (average 
7.9 children per family). Theoretically, marriages between a hemo- 
philic male and a conductor should result in half the daughters being 
homozygous and supposedly lethal : 

X pc = + XX -b XY -h XY 

^ 9 ? lethal f conductbr 9 if cf 

There is no evidence, however, that this explanation can be applied 
to hemophilic families with low birth-rate. 

^jfn a colored family (Steiner, 1900), 12 cases. (6c? 6 9) were recorded in 
foiir generations. They bled from scratches or from the nose and mouth. 
One male bled to death and the females were severe bleeders. The condition 
was strictly, dominant and was probably not true hemophilia, although 
there is no reason why dominant hemophilia should not occur. 

Muir {1928) described a hemophilic family in South Africa with eleven 
generations (1660-1920). Of 610 persons in the pedigree, 46 were male 
bleeders, and it is stated that the number could be quadrupled if they were 
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all followed up. There was much consanguinity, but this does not affect 
a sex-linked character. 

Birch (1932) has a large pedigree with 15 cases in 7 generations; 
also a sporadic case of a male hemophilic with four generations of 
normal ancestors and collaterals. As a mutation, this case is not con- 
vincing, as his maternal grandmother bled excessively at childbirth 
and had several almost fatal hemorrhages at the menopause. Fonio 
(1934) found in a typical hemophilic pedigree two brothers of a hemo- 
philic who were not bleeders but showed a prolonged coagulation time 
and fewer platelets than normal. He thinks the clinical severity of 
the disease is parallel to the number of platelets, and believes that 
cases of sporadic hemophilia arise from such “latent hemophilics.” 
In another Swiss pedigree with seventeen male hemophilics in three 
generations (twelve of whom bled to death) the mother and brother 
of a hemophilic were normal as regards both platelet number and 
coagulation time. Two large hemophilic families were described in 
Japan (Kaneko and Amagasa, 1932). Dominant hemorrhagic condi- 
tions also occur. 

Many other inherited hemorrhagic conditions are now known and 
some of them can be classified on the basis of different abnormal 
features shown in bleeding and clotting. Table 18, extended from 
Farber (1934), will show the basis for some of these discriminations. 
See, also Quick (1941) and Hanhart (1944). 

The recognized characteristic features of hemophilia are its usual 
restriction to the male though transmitted through the female,* bleed- 
ing into the joints and prolonged coagulation time due to the increased 
resistance of the blood platelets. The problem of normal coagulation 
is still far from solved. It has long been regarded as taking place in 
two steps : j 

I I. Prothrombin + thromboplastin -|- Ca ions = thrombin, 
i 2. Thrombin + fibrinogen = fibrin. — i 

This fails, however, to explain the nature of these reactions or to 
take into account possible inhibitory substances in the blood. The 
thromboplastin is believed to be derived from breakdown of the plate- 
lets. Minot and Lee (1916) found in hemophilia a hereditary defect 
in the platelets, but the organs of a hemophilic had the normal throm- 
boplastin content, the saliva being very active. Howell (1941) showed 
that normal differs from hemophilic blood plasma in tbat..th© latter 
contains less thromboplastin ^ut nc»nnal fvbfuio^ih. Brinldlous .(1940), 

* This should not, however, be regarded as an essential feature. 
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TABLE 18 


SYMPTOMS OF HEREDITARY HEMORRHAGIC CONDITIONS 



Heredity 

Site of 
Bleeding 

Coagulation 

Time 

Bleeding 

Time 

Tourniquet 

Test 

Clot 

Retraction 

Platelet 

Count 

Platelet 

Resistance 

Hemophilia 

Recessive 

sex- 

linked 

Joints, skin 
& mucous 
membrane 

Prolonged 

Normal 

Negative 

Normal 

Normal 
or in- 
creased 

Increased 

Thrombopenic 
purpura or 
purp. hemor- 
rhagica* 

Irregular 

domi- 

nant 

Skin & 
mucous 
membrane 

Normal 

Prolonged 

Positive 

Delayed 

Marked 

diminu- 

tion 

Normal 

Thrombasthenic 

purpura 

Dominant, 
9 af- 
fected 
usually 

Skin & 
mucous 
membrane 

Normal 

Prolonged 

Positive 

Delayed 

Normal 

Decreased 

Minot’s & 
Farber’s cases 

cf 9 

Skin & 
mucous 
membrane 

Normal 

Intermit- 
^ tently 
'pro- 
longed 

Negative 

Occasion- 

ally 

slightly 

delayed 

Normal 

Normal 

Little & 

Ayres case 

Dominant 

Ankle joint 
etc. with 
spleno- 
megaly 

Normal 

Prolonged 



Normal 


Buckman’s 

purpura 

d" 9 

Skin & nose 
(infants) 

Prolonged 

Prolonged 



High 

Normal 

Purpura simplex 

Dominant, 

• recessive, 
mostly 9 

Ecchymoses 

Normal 

Normal 

Positive 

Normal 

Normal 


Levit & 

Maikova t 

Dominant 
^ ? 

Nose & 
gums ' 

Normal 

Prolonged 


' 

Non lal 

Normal 

Fibrinopenia 

Recessive? 

Infantile 

Normal 

Normal 

— 

— 

Normal 

Normal 

Thrombopathy 

^ Dominant, 
sex- 
linked 

Adults 

Normal 

Pro- 

longed** 


Normal 

NormaU 

Normal 

Giffin’s case 

9 sex- 
limited 

Purpura on 
bruising, 
epistaxis, 
cuts 

Normal 

Prolonged 



Normal 
or high 

Increased 

Treves’ case 

InX& Y 

General 

Prolonged 

Normal 

■ 

— 

Normal 

— 

Hypopro- 

thrombinemia 

? 

External & 
internal 

Prolonged 

— 



Poor 

Normal 

— 

Fowler’s case II. 

Irregular 

domi- 

nant 

Skin & 
mucous 
membrane, 
intestines 
& uterus 

Normal 

Prolonged 



Normal 


Fowler’s case I. 

Recessive 

Mucous 

membrane 

Normal 

Prolonged 

— 


■ 

— — 

Telangiectasis 

Dominant 

Skin& 

Normal 

Normal 

Negative 

Normal 

Normal 

Normal 


mucous 

membrane 


* Werlhoff’s disease 
t Defect of capillary epithelium 
** Many large platelets. 

t The clotting and bleeding times as given are the reverse of those in hemophilia, but techniques differ. 


in a long review of the subject from the point of view of vitamin K, 
found that when thromboplastin is added to hemophilic blootl in 
rpJnute quantities, thrombin is formed at the normal rate, so there 
is no deficiency of prothrombin in hemophilics. Quick, Stanley-Brown 
and Bancroft (1935) also found prothrombin present in normal amount 
in /hemophilics, while in jaundice the hemorrhagic tendency was due 
to. diminution in this substance. When excess of thromboplastin was 
pre^nt hemophilic blood clotted in normal time. Th e prol onged 
clotting time in hemophilia is generally attributed to aTailure of the 
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platelets (thrombocytes) to break down with sufficient rapidity. They 
normally nurnber ca. 250,000 per cubic millimeter. When the platelets 
from hemophilic blood are ground in a mortar and added to hemophilic 
blood it clots in normal time. 

Pennell (1943) has recently found that when normal blood is shed the 
small platelets aggregate about the larger red cells and become attached to 
them in large numbers, possibly owing to opposite electric charges. This 
leads to the rapid disintegration of the platelets, and perhaps also of the 
red cells, in the process of clotting. He finds that anti-coagulants such as 
sodium citrate and heparin interfere with this process, and that in hemo- 
philic blood the platelets remain mostly unattached to the red cells, whereas 
in thrombocytopenic purpura this phenomenon is increased above normal. 
He suggests that in hemophilic blood the supposed resistance of the platelets 
to breakdown is because of this failure to become attached to the red cells, 
which in turn results from some inherited cytological defect of the erythro- 
cytes themselves. Chargaff, Moore and Bendich (1942) have isolated a 
thromboplastic protein from lung tissue by ultracentrifugingi The manner 
of its action is uncertain, but it was believed to be enzymatic in nature. 
The substance also showed marked phosphlTase activity. 

Lozner, Kark and Taylor (i'939) showed that normal human plasma 
from which the prothrombin and fibrinogen have been removed reduces 
the clotting time of hemophilic blood, and that the clotting substance 
is associated with the euglobulins. Recently fibrinogen and thrombin 
have been isolated from plasma on a large scale (see Edsall, Ferry anrl 
Armstrong, 1944). In a further study of the conversion of fibrinogen 
to fibrin, Robbins (1944) demonstrates two substances, C-fibrin and 
T-fibrin, which differ in solubility. His conclusions are briefly sum- 
marized in the following two lines. 

Fibrinogen -f- thrombase >- T-fibrin. i 

T-fibrin -1- ionic Ca + serum factor — >- C-fibrin. 'j 

The more soluble T-fibrin is converted to C-fibrin in the presence of- a 
serum factor. For another view of fibrin gel formation see Lyons (1945). 

Macfarlane (1945), in a discussion of blood coagulation, points out 
that the chain theory may be wrong and emphasizes that contraction 
of the capillaries at a wound is normally a part of the process. The 
“bleeding time” is prolonged in the purpuras and telangiectasis by 
deficient vascular contraction, but this contraction is normal in hemo- 
philia, fibrinopenia and lack of prothrombin. Since fibrinogen, and 
prothrombin disappear from the blooct stream if their production is 
inhibited, they must be used up in some metabolic process. Kinase 
(thromboplastin) and lipoids, which are also necessary for clotting, 
are present in hemophilic blood. Kinase, which converts prothrombin 
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to thrombin, is an enzyme-like substance present in saliva and highly 
concentrated in viper venom. Tocantins (1943) finds that the anti- 
kinase in hemophilics is 5 to 8 times normal, which would account for 
the failure of the kinase to act. 

The inherited condition of thro mbopenia, with prolonged bleeding 
time, arises when the platelets are deficient in number, i.e., less than 
100,000 to 200,000 per cubic millimeter. There is still lack of agreement 
regarding the nature and origin of the platelets (see Bunting, 1932). 
They have been held to be mitochondria, fragments of red cells or 
leucocytes, and the extruded nuclei of the red cells. Wright (1910) 
derived them from cytoplasmic fragments of the megakaryocytes. As 
they are found (Biirker, 1935) to giye the Feulgen reaction, they are 
presumably composed of chromatin arid may well be derived from the 
nuclei of the megakaryocytes. This would also account for their sticky 
character, which is especially developed in the chromosomes of Mam- 
mals. Mackay (1931), in a careful study of platelet morphology, 
origin and number, concluded that the platelet is a non-nucleated 
round or oval disc, diameter 2-3^, its cytoplasm containing granules. 
He believed that they arose from megakaryocytes in the bone marrow. 
Howell arid Donahue (1937) think that the giant cells (megakaryocytes) 
produce the platelets from their cytoplasm, mainly in the lungs. One 
can only regard the matter as far from settled, with the probabilities 
strongly favoring their origin from extruded nuclei.® It has also been 
suggested that thromboplastin is a protein-phospholipid complex, in 
which case they might be derived from mitochondria. 

Zeller (1921) claims that differences can be found in the platelets during 
different diseases and that the platelets of an individual differ in vivo in their 
agglutination capacity. He claims to be able to distinguish seven types of 
platelets, but his results are not convincing. Stahl (1923) confirms for 
influenza the general rule that there is a decrease of platelets in acute ill- 
nesses. The number may drop to 70-90,000 per cubic millimeter, increasing 
after the fever to 500,000 or more and then falling to normal. He regarded 
the platelets as formed from “pseudopodia” torn off from the giant marrow 
cells. 

Purpura is any condition in which local bleeding forms purple 
patches under the skin and mucous membranes, and thrombopenic 
‘purpura is characterised by lack of platelets. Werlhof reported the 
first case in 1735. Brohm in 1881 and Denys in 1887 described the 
condition, and emphasized that the essential feature is a lowered 

* Japa (1943) has recently shown that the nucleus of megakaryocytes obtained by sternal 
puncture divides successively by mitosis to form 2, 4, 8, 16, 32 nuclei. The cytoplasm breaks 
down in the later stages to set free these nuclei. This increases the probability that the 
pfetelets are derived from this source. 
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number of platelets. Hayem noted that the clotting time is normal 
and Duke showed the prolonged bleeding time. The first splenectomy 
for this condition was done in 1916, but why it should cure purpura 
hemorrhagica is unknown. It is probably because the spleen destroys 
the platelets. Hereditary purpura simplex is described by Davis (1939) 
in eleven families with spontaneous ecchymoses (extravasation of blood, 
causing discoloration of the skin), mostly in females. In five families 
they appeared about the time of the climacteric. This is the most 
benign form of hemorrhagic diathesis. The condition appears to be 
a somewhat irregular dominant in some families and may be recessive 
in others. The total number affected in these families is 30 9 2 cf. In 
a later paper (Davis, 1941) the condition is recognized as common 
and 27 families are reviewed with 88 affected members, 84 of them 
female. The ecchymoses look like bruises. This simple purpura gen- 
erally appeared at progressively earlier ages in later generations. In 
two fp.milies it was associated with telangiectasis and in two others 
with epistaxis. In some families the gene might be dominant, with 
almost complete sex limitation. Of the 88 cases, 79 had purpura 
simplex, 6 purpura of the rheumatic (Schonlein-Henoch) type, 23 had 
a history of rheumatic fever, 8 of rheumatoid arthritis, 15 of arthritis, 
showing the special association between rheumatism and purpura. 
Thrombopenic purpura is relatively frequent in Japan. Schwartz 
(1945) recognizes two types, one with, the other without eosinophils 
in the marrow. The former is relatively benign. He studied thirty 
cases and regards it as allergic in origin. The latter is without eosino- 
phils and requires splenectomy. The genetic relations of these two 
types requires examination. They may be the respective heterozygous 
and homozygous conditions. 

Jurgens (1937) described ten cases (three families) of purpura 
simplex of a different form from that of Davis. They were also mostly 
in females, but show skin hemorrhages without alteration in platelet 
count or in bleeding time. A pedigree in four generations shows 7 t 
severe (all bled to death) : 9 f mild mild : I 5 cf : 109. Phillips 
and Zionts (1942) studied 23 cases of thrombocytopenic purpura, 
16 ofJ:hem (be? 109) being idiopathic, the rest symptomatic asso- 
ciated with leukemia, pernicious anaemia or spastic anaemia. The 
idiopathic cases may be acute or chronic and many of them recover. 
Funstein (1933) finds chamges in various endocrines, especially the 
ovarian hormones, in cases pf thrombopenia. 

Hemorrhagic thrombasthenia was described in a family by Glanz- 
mann (1918), ten cases in three generations with fewer pfatelets and 
less fibrin formation, an ordinary dominant. Minot (1928) described 
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a relatively mild hemorrhagic condition with ecchymoses but normal 
clotting time and normal platelets, but the bleeding time intermit- 
tently prolonged. The family had lo Ccises (8 c? 2 9 ) in five generations, 
males mainly affected but inheritance dominant with one skip. Some 
members suffered from severe epistaxis (nosebleed) in youth. The 
proponent bled for two weeks from a slight injury to the lip, was after- 
ward operated on for appendicitis without hemorrhage, but bleeding 
from the wound occurred ten days later. Afterward the bleeding time 
returned to normal. Minot mentions another family with father, son 
and daughter in the same condition. 

It is evident that Farber's (1934) extensive pedigree represents the same 
type, simulating hemophilia and purpura. In some kindreds purpura 
often occurs in the sisters of hemophilics. In this family there are 25 cases 
(14c?' II 9 ) in five generations, the sibships numbering 13#^ ii f 230^ 18 9 . 
It is usually observed about the time of puberty in females, somewhat 
earlier in males, and tends to lessen with age. It varies in severity, but four 
cases died from bleeding. There is never hemarthrosis (bleeding into joints) 
and the clotting time is not prolonged. In females the bleeding is chiefly 
from the uterus and under the skin, causing temporary disablement but far 
less serious than in the males. There is no telangiectasis nor splenomegaly, 
but the blood pressure is often high and cerebral hemorrhage is a frequent 
cause of death. The family is of Germanic ancestry from Alsace-Lorraine. 
This condition is not hemophilia, since the clotting time is normal. There 
are three cavses of inheritance through affected males, four through affected 
females and two through normal females. The sibships, where equality 
would be expected, number 24 affected : 41 normal. The deficiency in 
transmission is through the males, since female transmitters have 16 affected 
(i 2 cf 49 ) *21 normal children, whereas the children of affected males 
number 8 affected (i cf 7 9) : 20 normal. It will be seen that the excess of 
affected males in the offspring of women is balanced by the excess of affected 
females in the offspring of affected men. The deficiency of affected females 
in the offspring of affected women could be accounted for by the partial 
recessiveness of the condition in women, as seen in generation II. If the 
gene were in the X-chromosome, however, the single affected son of an 
affected male could only be accounted for by a cross-over from X to Y 
combined with incomplete dominance of the normal gene. With the excep- 
tion of this one male-to-male transmission, the pedigree could be one of sex- 
linked inheritance with the females generally affected, i.e., dominance of 
normality incomplete. Like some pedigrees of optic atrophy, it seems 
impossible to determine whether this interesting pedigree represents a 
dominant autosomal or a sex-linked condition. 

In the family of Little and Ayres (1928) a bleeding tendency inherited 
as a dominant was accompanied by splenomegaly, the condition thus 
showing some relation to hemolytic jaundice. The meaning of their 
dotted symbols is not explained. They may be mild cases. Disregard- 
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ing these lo, there are 20 cases (gcT ii 9) in five generations, the 
inheritance dominant with a single skip. They are severe bleeders, 
in two cases even into the ankle joint in females, with normal clotting 
and prolonged bleeding time, the platelets normal in number. One 
woman died from bleeding following splenectomy. Buckman (1928) 
described five cases of purpura in infants, two of them brother and 
sister. The bleeding and clotting times were both prolonged, although 
the platelets were shown to be capable of clotting hemophilic blood 
in normal time. Nosebleed was frequent, w^|||^;ecchymoses fill over 
the body in one case. 

The unfortunate term pseudohemophilia has frequently been applied 
to more or less aberrant forms of hemophilia which are inherited as 
dominant conditions. As many other abnormalities show two or three 
forms of inheritance, there is no reason why hemophilia should not do 
the same. For this reason sex-linked inheritance should not be regarded 
as an essential part of the symptoms. Fowler (1937) describes two 
such pedigrees. One has 13 cases (9c? 4 9) in three generations, the 
sibships numbering 13 affected : 16 normal, heredity dominant with 
one skip. The affected females bruised easily, suffered from epistaxis 
and ecchymoses, and the menstruation was profuse. The coagulation 
time was normal, bleeding time 7^-112 minutes. Cases were not 
infrequently fatal and even hemarthrosis occurred. In the second 
pedigree there were 5 cases (4 c? i 9 ) in two sibships, both from normal 
parents, the bleeding mostly from the mucous membrane. The coagu- 
lation time was normal and the bleeding time prolonged. The condi- 
tion was more severe than in pedigree I and the inheritance would nor- 
mally be interpreted as recessive. 

There is a rare form of bleeding (Levit and Maikova, 1930) in which 
the defect is not in the blood but in the capillary endothelium. The 
condition is strictly dominant and one of the names they suggest for 
it is heterohenwphilia. It originated as a dominant mutation in IV. 5 
and is transmitted through three generations with 1 1 cases (7 c? 4 9 ) 
and two doubtful. The proband, V. 6, was a Russian barrister, born 
1886, who suffered from childhood with violent hemorrhages of nose 
and gums. Later there was severe internal hemorrhage at intervals, 
producing anaemia, and after splenectomy he became an invalid. 
There were no petechiae, no thrombopenia, the thrombocytes, coagu- 
lation time and fibrinogen were normal. According to these authors, 
very light forms of bleeding occur in 33.1 per cent of males and 42.1 per 
cent of females in the Russian population. An essentially similar con- 
dition is described by Sack (1936) under the name status dysvascularis. 
This n an had very extensive extravasations of blood, due to fragility 
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of the blood vessels, especially the arteries, through lack of connective 
tissue. A sister, the mother and two of her sisters suffered from status 
varicosus, a related condition dominantly inherited. 

Sterren (1934) records a case of a young man of nineteen who had attacks 
of meningeal bleeding at intervals from the age of seven. This was connected 
with aneurism of the cerebral vessels and the presence of tortuous blood 
vessels in the fundus of the eye. Other abnormalities also point to general 
weakness of the mesenchyme, and similar cases in the literature point to 
its inheritance. 

Fibrinogenopenia or even complete absence of fibrinogen is a rare 
condition producing hemorrhage. Macfarlane (1938) describes a 
remarkable family with four cases in two generations. Case III. 5 had 
on one occasion low fibrinogen (75 mg. per 100 cc.) but was not a 
bleeder, and his aunt had normal fibrinogen (255 mg. per 100 cc.). 
Case III. 5 married his cousin (the aunt’s daughter), who was normal, 
and three of their four children were affected. One son bled for three 
days after circumcision but showed no later hemorrhagic tendency 
and his fibrinogen was high. The daughter bled to death from the 
umbilicus, while her younger brother had no fibrinogen. We may 
perhaps regard the father as having inherited low fibrinogen, the com- 
plete loss of this substance in his son being an inherited recessive con- 
dition following the cousin marriage. Macfarlane (1945) finds two 
other cases from cousin marriages. Risak (1935) also described four 
cases of constitutional fibrinopenia in adults, with hemorrhages in in- 
fancy. Three cases also had thrombocytopenia. The latter condition 
has been recorded in a boy of nine years and a girl eight months old. 
Fibrinopenia can also occur as secondary to liver disease, leukemia 
or carcinomatosis. Risak ascribes the origin of fibrinogen to the 
reticulo-endothelial system. 

Henderson et al. (1945) record the case of a boy who suffered from 
what they call congenital afibrinogenaemia or total absence of fibrino- 
gen. He had severe hemorrhage and his blood would not clot. A 
brother and sister were normal and another sister died of umbilical 
hemorrhage at six days of age. The parents were first cousins and the 
condition is evidently recessive. The authors found six other cases 
published. They compare four published cases of hypofibrinogenaemia 
(fibrinopenia). In these the clotting is normal. Since this was written, 
another paper has been found (Schonholzer, 1939) which, in the study 
of another family, confirms that afibrinogenaemia is the homozygous, 
fibrinogenopenia the corresponding heterozygous condition. 

Purpura thrombolytica is the name given by Reimann (1941) to a 
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condition in which the fibrinolytic power of the serum is so high that 
clots are lysed as fast as they are formed, giving a hemorrhs^ic effect. 

On the Aland archipelago in the Baltic Sea is a population of Swedish 
Nordics who have been isolated for over looo years. Willebrand and 
Jiirgens (1933) found here two Finnish families united by a common 
ancestor who show what they regard as a new type of constitutional 
thrombopathy, inherited as a sex-linked dominant (Fig. 220). On the 
mainland is a third family, of Swedish origin, the total number of 
bleeders being thirty-five. The condition has probably originated 
here as a mutation and the female members are more affected than 
the males. The severe form of bleeding is found in females (seven 
cases) who are homozygous for the condition, which was ultimately 
fatal in every case. In addition, there are 16 (7 cf 9 9 ) milder cases. 
These are heterozygotes, male and female. In these and other types 
of female bleeders the bleeding from menstruation is by no means 
parallel to bleeding from wounds. Such phenomena necessitate a 
modification of the view that the homozygous condition of hemophilia 
in females is necessarily lethal. In the above pedigree, the most severe 
female bleeders often have a normal menstruation time, even when 
wounds with greatly lengthened bleeding time are bleeding simul- 
taneously.'* In other cases the menses may be prolonged. The bleeding 
in these families may begin in infancy, at puberty or later, especially 
at the climacteric. Nosebleed is its most common form. 

The marriage between II. 6 and II. 7 is then XY X XX and family C 
should yield XX : XX : XY : XY, i.e., i? :i 9 : 1^ : id'- The actual 
numbers in this family are 3 : 3 : 2 : 3, which is quite in harmony with the 
theory of a sex-linked dominant as explained by Federley (1916). Similarly, 
the marriage of two affected (family E) is XX X XY and should give 
XX : XX : XY : XY,-or i severe f : i mild t : i mild d' '• i normal cf, 
and the actual numbers are 5 : o ; 2 : 3. The two normal females in this 
family were children and would probably develop the symptoms later. 
The absence of mild female cases is not remarkable with such small numbers, 
but could also be explained by fluctuation in dominance or by crossing-over. 
Willebrand (1931), in a later paper, points out that family D, with 2 : 2 : 2 : o, 
roughly agrees with expectation, but families A and B do not, A giving 
I : I : o : 4 : 2 normal 9 , while B gives o : i : i : 3 : i normal 9 . It is 
strange that II. 4 is normal, since a son and a daughter are both affected, 
but the result could be explained by crossing-over between the Y and the X, 
as Sirks supposes. In pedigree II there were 13 cases (8cf 5 9 ) in four 
generations (i 9 severe), and in III 12 cases (2d' 10 9 ) in three generations 
(2 9 severe). 

* Lozner, Taylor and Taylor (1942) have shown that the fluidity of menstrual blood 
results from the absence of prothrombin and fibrinogen. It is essentially blood that has 
already undergone coagulation. 
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Fig, 221, Treves’ pedigree of hemophilia as extended by Handley and Nussb 
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A famous pedigree of hemophilia was published by Treves (1886) 
and has since been extended by Handley and Nussbrecher (1935), 
who follow Willebrand in calling the condition pseudohemophilia on 
the ground that the method of inheritance differs from the classical 
sex-linkage in that females are also severely affected. Since the 
platelet counts were normal, the clotting time prolonged and the 
bleeding time normal, the condition is clinically hemophilia, and the 
fact that the method of inheritance is different does not make it a 
different disease. Not only the symptoms but the manner of inherit- 
ance is the same as in Willebrand's pedigree, which has been called 
thrombopathy. The families of Treves, Willebrand, and Little and 
Ayres agree except that splenomegaly is present in the last. 

Treves' pedigree as extended is given in Fig. 221. It is remarkable 
in that the first three generations show male-to-male transmission, 
i.e., in the Y-chromosome. Haldane ascribes this to inaccuracy in 
the record, but this scarcely seems justified. Bulloch and Fildes (1911), 
on the other hand, dismiss the case as not hemophilia, because it is 
transmitted from father to son for three generations. Some pedigrees 
of optic atrophy show a similar apparent change from one form of 
inheritance to another (see p. 215). Handley and Nussbrecher have 
made additions to the earlier as well as the later generations of the 
pedigree. There are, for instance, three hemophilic brothers in genera- 
tion III, whereas Treves had two. These additions would then seem 
to confirm the accuracy of the original account. A main feature of 
Treves’ paper was to show that a little girl of six (V. l) with blue 
eyes and fair hair had all the symptoms (as far as then analyzed) of 
severe hemophilia. She bled to exhaustion from a tooth extraction 
and was in hospital thirteen days. He points out that her parents 
were first cousins, her father a severe bleeder, and it is now clear that 
her mother was a carrier. On the assumption that both genes are now 
in the X-chromosome, we should expect, as in the Aland Islands pedi- 
gree, but without dominance of the hemophilic gene, the four types 
XX (hemophilic t):XX (carrier 9) :XY (hemophilic ir’):XY 
(normal cf) in equal numbers; and we have the ratio, 4 :5 ;2 : i. 
Of the five normal females, one is proven to be a carrier, so the whole 
family fits in very well with expectation and the only difference from 
the Aland family is in the matter of dominance. If this is correct — 
and it is the natural interpretation — then it follows that a homozygous 
bleeder female can not only survive but grow to adulthood and bear 
a child. Case V. i died, however, three hours after the child was born. 
The clinical details given by Handley and Nussbrecher show that V. 5, 
io and 12 were real hemophilics, bruising easily, bleeding excessively 
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even into joints, and some having epistaxis. The carrier, V. 8, shows 
similar symptoms to a less degree. The conclusion seems justified that 
this is ordinary hemophilia with incomplete dominance in the female, 
whereas in Willebrand’s pedigree the dominance was more complete. 
Bulloch and Fildes (1911), in their monograph, unduly fostered the 
idea that hemophilic females cannot exist. This has now been proven 
erroneous by abundant facts. 

As regards the method of inheritance, if we assume that the gene 
was at first in the Y-chromosome, then it must have crossed to the X 
in III. 3, who had six normal sons. On the other hand, three of the 
daughters of II. 3 were carriers and must therefore have received the 
gene in their X-chromosome. Of the children of II. 3, the gene would 
be in the Y-chromosome of III. i, 5 and in the X of III. 3, 7, 9, 13. 
The rest of the descent is consistently recessive sex-linked, four homozy- 
gous females in generation V being viable. We would seem then to 
have evidence of crossing-over between X and Y in II. 3, since some 


XH Xh 

of his germ cells must have been and some rpr=- 

Yn YH 


It is also neces- 


sary to assume variable dominance of H over h in the male, but that 
is already known to occur in the female, h tending toward dominance, 
or at least intermediacy, in this pedigree. The fact that h can occur 
in the Y docs not mitigate the necessity to account for its ultimate 
origin through mutation. 
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Fig. 222. Marriage between a hemophilic man and a pre- 
sumed carrier. (After Snyder) 


An interesting pedigree (Fig. 222) of Snyder (1932) begins with the mar- 
riage of a hemophilic to a normal woman who is assumed to be a carrier. 
They produced a hemophilic son and two carrier daughters. Such marriages 
are bound to be very rare, as only 1 1 per cent of hemophilic males live to the 
age of twenty-two years. Snyder examined 250 published pedigrees of 
hemophilia and found only one previous instance of such a marriage (Bullock 
and Fildes, ped. 407). They produced a hemophilic son and a normal 
daughter. Snyder's conclusion that there is no evidence of hemophilic 
females, was reached before the more recent cases were published. 
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Another peculiar type of hemorrhagic condition, recurrent nosebleed, 
was found by Giffin (1927). He describes four pedigrees showing 
28 cases (16 cT 12 9 ), its inheritance as a simple dominant, the symp- 
toms including epistaxis (nosebleed), hemoptysis (bleeding from the 
lungs) and menorrhagia (profuse menstruation). Two other cases 
were without family history. There were fewer platelets in all cases. 
In another family (Giffin, 1928) the condition is transmitted from 
mother to daughter only, with four cases in four generations. Epis- 
taxis, profuse menstruation and profuse bleeding from cuts were symp- 
tomatic. One also had gastro-intestinal bleeding with duodenal ulcer 
and was confined to bed for a month or two at a time. The platelets 
showed increased resistance, with prolonged bleeding time but normal 
clotting time. 

Wordley (1932) says that nosebleed alone is much more uncommon 
than when accompanied by telangiectases. He describes such a family, 
with severe nosebleed beginning in childhood with slight attacks which 
become more severe. It is a simple dominant pedigree with 9 cases 
(4 o’ 59) in three generations. A woman anti her mother both finally 
died (ages fifty, fifty-two) from the severe loss of blood, in spite of 
transfusions. An early account (Babbington, 1865) described 13 cases 
(5 cf 8 9 ) of violent epistaxis in five generations, evidently a simple 
dominant. One man died from loss of blood. Libman and Ottenberg 
(1923) describe cases of hereditary hemoptysis, Tidy (1926) cases of 
hereditary purpuras, and Glanzmann (1925) nine families in which the 
platelets were not reduced in number but show malformations. 

Hess (1916) gives two families with hemorrhagic disorders. In one 
family two males had hemophilia and a female cousin was a purpuric 
type of bleeder, having epistaxis almost daily for a year at the age of 
eight. In the other family a brother showed hemophilia and a sister 
purpura hemorrhagica. The aetiology and inheritance of these and 


related conditions needs to be much more care- 
fully studied. 

Another pedigree (Fig. 223) under the name pseudo- 
hemophilia has points of interest (Lindsay, 1934). 
Case III. 2, the proponent, states that all females 
in her family were bleeders, and seven cases are re- 
corded in four generations. She required the services 
of a physician for slight wounds and her menstrua- 
tion was unusually long and copious. Calcium lac- 
tate made her blood clot promptly and shortened 
her menstrual periods to half. Lack of calcium seems 
to have been the defect here. The pedigree is too 
incomplete to determine the method of inheritance. 



Fig. 223. Pedigree of 
bleeding confined to 
females, due to lack of 
calcium. (After Lind- 
say) 
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It might be a case of linked X-chromosomes or of sex-limited descent. 
Case IV. I is too young to show all the symptoms. 

Another hemorrhagic diathesis — deficiency of prothrombin ® — is 
described in a boy whose mother and sister were normal (Rhoads 
and Fitz-hugh, 1941). There is no such deficiency in hemophilia and 
the bleeding differs in that the clot retraction is poor. He developed 
large hematomas from contusions, and the venous coagulation time 
was 41 minutes. He bled dangerously from slight wounds or tooth 
extraction and died at eighteen from internal hemorrhages. The 
prothrombin time was 93 seconds (normal 23 seconds). There was 
no lack of vitamin K. Another case of hypoprothrombinemia, in a 
boy and his sister, is described by Murphy and Clark (1944), who cite 
a further case. 

Hess (1916) described two families in which the males have typical hemo- 
philia and the females purpura with a lack of platelets. A form of purpura 
which differs from Werlhoff’s in the absence of thrombopenia is described 
by Ardashnikov (1938) in a Russian family. There are 10 cases (scf 5 $ ) 
in four generations, the inheritance being that of a dominant. Three in- 
dividuals, all males, suffered from throat hemorrhage only, the condition 
being unlocalized in the other seven. 

Bogart and Muhrer (1942) find in pigs a condition with all the clinical 
features of hemophilia. It is inherited as a simple recessive, but with 
certain variations ascribed to modifying factors, the platelet number 
being normal but the thromboplastin deficient. Many pigs die from 
internal bleeding or bleed to death from a slight wound. Mertz (1942) 
finds that the capillary resistance of these bleeders is abnormally low, 
while in heterozygotes it is even higher than normal, indicating that 
the gene is completely recessive. In a further study of the blood condi- 
tions, Muhrer, Bogart and Hogan (1944) measure the platelet fragility 
by hypotonic solutions and conclude that, as in human hemophilia, 
the platelets are resistant to breakdown but contain the normal amount 
of thromboplastin. In another study, Mertz (1943) finds that the pro- 
longed bleeding time is due to failure of injured vessels to constrict. 
Thus the condition differs from human hemophilia and the single 
recessive gene produces two defects, one in the platelets, the other in 
the capillaries. 

In a discussion of purpuric conditions in man and animals, Davidson et at. 
(1937) point out the need for a classification of the purpuras on the basis of 

^ Vitamin K maintains the normal value of prothrombin in the blood. Bubuk (1943) 
shows that Kj from stigmata of maize probably acts by stimulating the synthesis of pro- 
thrombin in the liver. Ki is derived from alfalfa and K2 from putrefied fish meal. Both are 
naphthaquinone derivatives and both have been synthesized. 
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platelet number. They state that purpura hemorrhagica is known in cats, 
dogs and cattle and that in horses there is a condition miscalled equine 
purpura hemorrhagica Which is accompanied by oedematous swellings. 
Witts (1937) has also discussed the various hemorrhagic conditions and 
their classification. He points out that in hemophilic conditions the clotting 
time is prolonged, whereas in the purpuras it is the bleeding time. In 
purpura hemorrhagica both platelets and the vessel walls are concerned. 
As regards treatment, snake venom alone appears successful, although 
oestrin had some success. Other treatments tried have included liver, 
ascorbic acid, pectin (from apple skins) and vitamin K for newborn infants 
in certain cases. 

Jersild (1938) finds that Schoenlein-Henoch purpura can be affected 
therapeutically by vitamin P. This is a crystalline flavone substance, 
citrin, obtained from rose hips, lemons and oranges. It exerts a specific 
regulating influence on the permeability of the blood vessels. A woman, 
age twenty-two, was afflicted for eight years with reduced capillary 
resistance, the symptoms involving bowels, skin, joints and urinary 
organs. Ascorbic acid (vitamin C) had no effect, but vitamin P cured 
her, Jersild suggests that this form of purpura is due to lack of vita- 
min P. Piney (1933) pointed out that the accompanying urticarial 
rash indicates that the disease is anaphylactoid in nature, not simple 
bleeding but an inflammatory lesion, such as nephritis or colitis. 

Many instances of hemophilia in women have been cited, some of 
them pretty clearly homozygous, but there are many other cases in 
the literature, a few of which may be mentioned. Schultz (193^) 
describes a family (Fig. 224) with six male and one female bleeder in 
two generations. Case II. 4 often suffered from nosebleed. The blood 

I 

II 

III 

IV 

V 

Fig. 224. Hemophilia in six males and a female. (After Schultz) 

picture in IV. 4 and IV. 7 showed normal numbers of red cells and 
thrombocytes and normal amount of hemoglobin. Case IV. 9 had a 
special form of hemorrhagic diathesis. She died in childbirth. At 
seven she went to hospital with hemorrhage from a tQQth, She often 
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bled into knee and elbow joints, until they were limited in movement. 
These symptoms disappeared at puberty. The menarche began at 
seventeen, with periods of normal duration anti strength. 



Fig. 22$. Pedigree of hemophilia with two hemophilic sisters. 
(After Foulis and Crawford) 


Foulis and Crawford (1934) describe two sisters (III. 4, 5 in Fig. 225) 
who were trained nurses and belonged to a bleeder family. As in the 
Warde case, the presence of female bleeders is combined with trans- 
mission through the male. Their father Wcis one of four hemophilic 
brothers. These sisters bled severely from trivial causes. One of them 
transmitted hemophilia to two sons; blood transfusion evidently saved 
the life of the other at the birth of her baby son. The clotting time 
was prolonged and there is no reasonable basis for denying that this 
was true hemophilia. If the wife of II. i happened to be a carrier, 
then the two daughters might even be homozygous. 

Leak (1934) describes a case (Fig. 226) inherited as an ordinary dominant. 
The blood picture is probably not sufficient to prove hemophilia, although 
the clotting time is very prolonged. Case I. i died of uterine hemorrhage 
following the birth of twins. Case II. 2 was specially treated before con- 
finement but had severe hemorrhage. All affected members have severe 

I 

I 

IV 

Fig. 226. Female bleeders. (After Leak) 

epistaxis which may last for several days. In the third generation bleeding 
began in infancy. Case III. 5 bled from the mouth at the same time every 
month until she was two years old. Case II. 5, her parents, grandparents 
and numerous relatives were all normal, so she was not a carrier. Search 
for telangiectases disclosed one minute bright red spot anterior to the right 
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tonsil in one individual. The inheritance is obviously dominant, but if the 
condition were telangiectasis, this would not account for the prolonged 
clotting time. •* 

One other case with peculiar features may be cited (Joules and 
Macfarlane, 1938). As the pedigree (Fig. 227) shows, this woman was 
a sporadic Coise and could hardly have inherited the condition owing 
to the large number of normal males among her relatives. Further, 
she only developed symptoms after the menopause (at fifty-seven). 
She showed a prolonged coagula- 
tion time (43-67 minutes, where 
the normal time by Lee and 
White’s method is 12 minutes) 
and bled for a week from tooth 
extraction. A month later her 
elbow became stiff and swollen. 

The tourniquet test produced farlane) " “ ' 

only a few minute petechieae as 

evidence of capillary fragility, and the “bleeding time” was never more 
than 4 minutes. Hence she had all the clinical symptoms of typical 
hemophilia. Madison and Quick (1945) describe two similar cases in 
women, which they ascribe to hypoprothrombinemia. 

GOnder’s (1938) family in the Saar region includes twenty-six 
affected males in six generations, descended from a man who lived at 
the end of the eighteenth century. The author gives full clinical details 
and shows that female carriers can be distinguished by tests of the 
clotting time with Biirker’s apparatus. In this extensive pedigree, 
twelve male bleeders have had children, and at least twenty women 
have transmitted the condition. This serious defect can only be 
eradicated if all affected males and carrier females are prevented from 
having children. 

The extensive literature on the physiology of clotting cannot be considered 
here, but reference may be made to recent papers by Solandt and Best 
(1940), Dam and Venndt (1940), Giinder (1938), Macfarlane (1941), 
Nygaard (1941), Copley (1941) and Copley and Lalich (i942ab). Bailey, 
Astbury and Rudall (1943) have recently shown by X-ray photographs that 
fibrinogen and fibrin belong to the keratin-myosin group of proteins. 

Racially considered, hemophilia is characteristic of the Germanic 
peoples. It has been described in “negro” families (Crandall, 1936), 
but the accepted cases are always of mixed blood. Heymann (1859) 
described a Mohammedan family of Indian stock in Palembang, 
Sumatra, with bleeders in three generations. Three males died, one 
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from a cut lip, another from a finger wound and the third from a tooth 
extraction. A boy of thirteen nearly bled to death from circumcision, 
his mother was a bleeder and her brother bled to death following 
circumcision. Komai (1934) reported from Japan several pedigrees 
of hereditary epistaxis and several of sex-linked hemophilia. One 
of the latter is extensive, with twenty cases in four generations ; another 
includes an affected girl. 

Attempts have been made to connect hemophilia with particular blood 
groups, the net result being to show that hemophilics can belong to any blood 
group. There is, of course, no chance of linkage, since the gene lor typical 
hemophilia is in the X-chromosome while those for the blood groups are in 
an autosome. 

Perhaps the most instructive feature in the medical history of hemo- 
philia is the way in which erroneous ideas, once promulgated, have 
been adhered to in the face of overwhelming evidence to the contrary. 
Lossen’s “Law” htis survived, long after his idea that hemophilic 
males could not transmit the disease was shown to be false. There is 
an equal abundance of evidence (contrary to the still surviving view) 
that females can be bleeders, even in extreme form. It is also clear 
that the bleeding often bears a definite relation to menstrual phe- 
nomena, being in some cases more or less in abeyance during the period 
of life between puberty and the climacteric.® Present evidence shows 
that a gene for hemophilia, while usually sex-linked, can occasionally 
be simple dominant or recessive as in many other diseases. 

Hereditary epistaxis is recorded by Lane (1916), a family in Maine 
showing the trait with 13 cases (6 o’ 79) in four generations. It is 
an irregular dominant with frequent skips. Spontaneous nosebleed 
occurs almost daily, beginning at adolescence and continuing until 
eighteen or twenty. Persons showing it are in vigorous health and 
grow rapidly, often feeling discomfort if the bleeding does not take 
place. Goldstein (1930) has treated fully the literature of hereditary 
epistaxis. It can be caused by high altitude, extreme weariness, over- 
exercise or excitement and temporary high blood pressure. The 
inherited condition is due to weakness of the walls of the capillaries 
in the nose. Fink (1940) gives a pedigree with ten cases (all males 
but one) in six generations of a family. The inheritance is dominant, 
!^|he nosebleed beginning at the age of fifteen. It can be controlled by 
taking calcium lactate, but of course this does not affect the inheritance. 

According to current views, the platelets in the lungs release thrombo- 
plastin. Prothrombin, formed in the liver, changes to thrombin in the 

® On the other hand thrombocytopenic purpura in women may produce severe or fatal 
menstrual bleeding. 
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lungs only in the presence of thromboplastin and calcium ions. The protein 
thrombin plus the protein fibrinogen produces fibrin which clots the blood. 

Libman and Ottenberg (1923) described another form of hereditary 
bleeding, from the lungs — hemoptysis. The pedigree includes seven 
persons with the same histories of repeated profuse bleeding from the 
lungs, beginning at puberty and continuing at intervals through life. 
There was no tuberculosis in the whole family. The copulation time 
was normal; the condition is not sex-linked and is not fatal. The health 
is not seriously impaired, and the inheritance is apparently that of a 
simple dominant. 

Multiple Telangiectases {Osier's Disease) 

This hemorrhagic condition, also known as Rendu-Osler-Weber disease, 
is a syndrome in which the terminal blood vessels, the capillaries and 
venules, may become dilated. These vessels have a single layer of 
endothelial cells covered by a very thin epithelium. They become 
dilated, forming red spots on the skin, tongue, lips, in the nose or on 
the cheeks. They may be congenital or may appear on the face in 
persons exposed to heavy weather, or they may take the form of spider- 
like naevi and, less frequently, appear on the skin in other parts of 
the body. They may bleed profusely on the slightest injury. These 
telangiectases may occur in any part of the body and may cause 
epistaxis, hematuria, or gastro-intcstinal or uterine bleeding. 

The disease was first clearly outlined by Osier (1901) who described 
three cases and recognized its inheritance. Rendu (1896) is generally 
stated to have described the only previous case. Osier (1908) char- 
acterised the disease more fully in a New York family and recognized 
at least eight families in the literature. He also noted association with 
cirrhosis of the liver. In all, the inheritance is in accord with a simple 
dominant, sometimes skipping a generation. In an earlier record, 
Legg (1876) described a man with epistaxis from boyhood and “naevi.” 
One sister, a son and a daughter were affected. Sometimes an individual 
member will have epistaxis without the “red spots.” Such cases may 
have telangiectases in the nose. The bleeding is often severe and may 
cause anaemia. The number of telangiectases varies from many to 
perhaps a single one. The mortality from bleeding is ca. 4 per cent. 
The blood conditions are normal, the primary defect being a weakness 
of the blood vessels. Usually the bleeding is not noted until the age 
of twelve or fourteen and younger children may not show the spots 
but may develop them later. Cockayne (1933) classifies the condition 
as a defect in development of elastic tissue. He cites from the literature 
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sibships containing 320 affected : 302 normal, the sex ratio being 
1780? : 1909. The condition has been described in English, Scottish, 
Canadian, American, Dutch, German, Scandinavian, French, Italian 
and Jewish families. 

Steiner (1917) gave the history of three families, one of them showing 
irregular dominance through five generations, and collected twenty- 
five pedigrees from the literature. In these pedigrees the numbers 
affected are 90 cf : 75 9 , and there is an excess of normals in some sib- 
ships. Elastic and muscle fibres appeared to be absent from the dilated 
capillaries. He believes that the telangiectases appear only after the 
first hemorrhage. 

East (1926) gives two pedigrees of multiple facial telangiectases, 
with eleven cases in three generations of one family and fifteen in three 
generations of another. A single dominant gene is concerned, but in 
one family the parents of the three affected generations were both 
normal (failure of penetrance or a mutation). Williams (1926) referred 
to thirty-two known cases and added several of his own. In Mekie’s 
(1927) pedigree the condition is essentially the same and is evidently 
dominant. The onset of the disease is at about fifteen years of age, 
the red spots appearing at puberty, especially distributed about the 
nasal and buccal cavities. Foggie (1928) described this condition 
accompanied by recurrent hematuria (probably from internal telangi- 
ectases) in a family of five generations, again dominant. 

In some families the condition is accompanied by enlargement of the 
spleen, and also the liver in some cases, with increased intolerance to trans- 
fusion. Fitz-Hugh (1931) described a Jewish family with 13 cases (5 c? 8 9 ) 
in five generations, the inheritance strictly dominant. The enlargement is 
relatively late and only in the more severe forms of the disease. In this 
family, four cases died of the disease. Goldstein (1931) has given a full 
review of the literature, but there is no apparent reason why he should 
attach his own name to the malady. He found 90-95 families described, 
with 500-550 persons affected. In a later paper (1936) he describes a family 
in New Jersey with 18 cases (lOc? 8 9 ) in five generations. The sibships 
number exactly 17 affected ; 17 normal. One normal father has an affected 
daughter. Angiomatosis does not appear to be a satisfactory name, since 
the telangiectases contain dilated capillaries but are not tumors resulting 
from the multiplication of capillaries. 

The numerous published accounts indicate that the gene for telangi- 
ectasis is not very uncommon. Meikle (1933) cites four cases in three 
generations of a family, in which there were spots on the lips, swelling 
of the feet and shortness of breath generally accompanied by epistaxis 
or other bleeding, and in one case a platelet count below normal. The 
author mentions six families with thirty affected members in Leeds. 
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There are pretty clearly both mild and severe forms. Kosiner (1935) 
describes five cases (all females) in five generations of a family with 
red spots on face and tongue. Their lives were not shortened, and in 
the proband nosebleed only began at twenty-eight years of age. In a 
Swedish family in two generations there were five cases (mother, her 
brother and three daughters) of multiple telangiectases of the brain 
(Michael and Levin 1936). This is evidently a hereditary disease of 
the nervous system, producing convulsions and attacks resembling 
migraine. In one C2ise that died, some of the blood vessels of the brain 
were becoming calcified and telangiectases of the brain were established. 
Fifteen similar cases were found in the literature. Schuster (1937) 
describes another aberrant family in which the arteries and veins as 
well as the capillaries were abnormal. A woman suffered at intervals 
from hemorrhages and cutaneous telangiectases in the form of crops 
of spider naevi every few months, with nosebleed especially before 
puberty. Her brother had nosebleed and a few spider naevi. Her 
father also had epistaxis up to the age of forty-five and died of anaemia. 
Her necropsy showed telangiectases in the skin, nose, mouth, pharynx, 
larynx, trachea, stomach and duodenum. 

Teahan (1939) describes an English family from Yorkshire with 
14 cases of telangiectasis (7 cT 7 9 ) in six generations. The red spots 
were so numerous as to be recognized as family marks and the bleeding 
was very severe, but there was no delay in clotting time. Some cases 
were accompanied by psoriasis. The condition was dominant, but 
the remarkable feature is that nearly every member (except three 
brought in by marriage) appears to have been affected. Alban (1941) 
has constructed a large family pedigree with 19 cases (Scf 149) in 
five generations. The transmission is by both sexes and the inheritance 
dominant, but in generation HI, 9 out of 13 were affected, while in 
generation IV the sibships numbered only 7 affected to 33 normal, 
Voyles and Ritchey (1945) record a single case and a family with three 
cases in three generations. The term “atavism” should not be applied 
to this condition. It is a simple dominant mutation. 

It is clear that the telangiectases of Osier’s disease tend to be in particular 
locations in different families. One will have them mainly on the face or 
tongue, another will suffer only from epistaxis, another from hematuria or 
from cerebral telangiectases which usually produce epilepsy and frequently 
paralysis. Witts (1932) distinguished the hereditary hemorrhagic diathesis 
from Osier’s disease, but the distinction is not sharp. 

Penfold and Lipscomb (1943) described a Jewish family in London 
with nine cases of telangiectasis in three generations, five of them 
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having also elliptocytosis. There was no evidence of linkage between 
these two dominant conditions. 

Campbell (1944) describes a family with 4 cases (id' 39 ) in three 
generations of telangiectasis accompanied by epistaxis and migraine. 
Spontaneous bleeding is not common in this disease. It is suggested 
that epistaxis was brought on by the vciso-dilation of the nasal mucosa 
which accompanies an attack of migraine. 

Snyder and Doan (1944) estimate that over 1000 cases of telangi- 
ectasis have now been recorded in about 150 families. Roberts (1941) 
found a probable case of mutational origin. Snyder and Doan produce 
good evidence that this dominant condition is lethal when homozygous 
(TT). In a family in which both parents were heterozygous (Tt), 
each having an affected parent, their baby was born with a large port- 
wine mark on its chest and shortly began to develop telangiectases. 
When it died at 2^ months its whole body and all internal organs were 
covered with telangiectases. A very similar case is described in Lancet 
ii:857. 1876. Evidently the condition is only partly domincmt in the 
heterozygote. Wolfsohn (1944) describes a rather extreme case of a 
man who died at 57, severely anaemic from telangiectases on tongue, 
lips, cheeks, one eyelid, and pharynx. Gastric examination showed the 
mucosa covered with red purpuric spots, but none in rectum or lower 
bowel. His mother had epistaxis and a brother and sister were said to 
be similar. His wife had twins who died soon after birth, but a daughter 
was well, so he must have been heterozygous (Tt). Cappon (1945) 
cites a family with 8 cases (4 cf 4 9 ) in three generations. Epistaxis 
caused anaemia and at times there was polycythaemia as an over- 
compensation. 

Some 3% of beef livers in the United States show telangiectases. 
The origin of this condition is unknown, but Pavcek, Herbst and 
Elvehjem (1945) show that such livers have a very high vitamin A 
content as well as much iron and copper. The highest incidence of 
telang liver is in steers fed on highly concentrated fattening rations. 
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OTHER INHERITED DISEASES AND ABNORMALITIES 
OF THE BLOOD SYSTEM 

T he red blood cells or erythrocytes of man, while generally 
biconcave discs in the blood stream, are remarkable for the 
changes of shape which they can undergo in vitro under experimental 
conditions. These cells, which have lost their nuclei in all the mam- 
mals,^ are frequently regarded as mere bags of hemoglobin; but their 
stability of shape and the changes they may undergo, as well as other 
evidence, leads to the view that they contain a relatively stable frame- 
work in which the hemoglobin is held. Normally they are of very 
uniform shape in the blood stream, but under conditions of anaemia 
a wide variety of abnormal cell forms may be seen. Ponder (1941, 
1942) has recently discussed the causes determining the shape of the retl 
blood corpuscle and the nature of its cell membrane. Casey et al. (1934 ) 

i n the values of b asophiles. lymphocyte s, re d cells a nd hetm ^obin. 
Closely related breeds, such as the Belgian and English, were found 
to have similar blood formulae. 

In recent years certain aberrant forms of erythrocyte have been 
found in individuals who showed no symptoms, and these conditions 
are now known tp be inherited. While they are relatively rare, they 
are generally discovered when the blood is examined for some other 
purpose. Anaemia is present in some cases, but many individuals with 
aberrant red cells are perfectly healthy. These unusual cell shapes 
fall into two s erie s. One, known a s sickle cells or sicklem ia, was at first 
believed to be almost entirely confined to Negroes , but is now known 
to occur characteristically in the Mediterranean peoples. The other, 
probably best named elliptocytosis^ has been found to be present in 
many races. 

^ Duran- Jorda (1943) puts forward the unconfirmed claim that the lymphocytes become 
eosinophil cells; in the cytoplasm of the latter the red blood corpuscles are formed (secreted) 
in numbers and extruded, the rest of the cell becoming a lymphocyte. 
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Elliptocytosis 

Elliptical human red corpuscles were first observed * by Dresbach 
(1904) in a healthy mulatto student, about 90 per cent of whose red 
cells were not circular but more or less elliptical. His brother’s blood 
showed only normal cells. It has long been known (Knoll, 1930) that 
the camels and their relatives, the dromedary, guanaco, vicuna, llama 
and alpaca are unique among mammals in having elliptical red cells. 
All the living Camelidae are in this condition. There are also a few 
large spherical cells, some of them having a nucleus. Among verte- 
brates below the mammals the red cells are nucleated and strongly 
elliptical or oval, except in the marine Cyclostomata where they are 
round. It is also significant that in the human embryo the red cells 
are nearly all elliptic and a very few of this type may persist after birth. 
Hence elliptical cells in man may be regarded as a reversion , or rather 
the persistence of an embryonic condition. As many as 98 per cent of 
the red cells may be elliptical without clinical effect, but generally the 
number is not so high. This condition has also been called ovalocytosis. 
The elliptical cells show at once in sealed fresh preparations of blood. 
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Fig. 228. Pedigree of elliptocytosis in Belgium and (enclosed in dotted line) Montana. 
(Reconstructed from Hunter and Adams and van den Bergh) 

The next observation of elliptical red cells was by Bishop (1914), 
who recorded them in a brother and sister of a white family and 
regarded the anomaly as a congenital anatomical defect. Hunter and 
Adams (1929) described a Dutch family of three generations living 
in Montana in which there were 13 cases (Scf 8 ?) of elliptical eryth- 
rocytes® (part of Fig. 228 enclosed in dotted line). These are all 
descendants of II. 3. Only one of them (V. 3) showed definite symptoms 
of anaemia. From this and later evidence the inheritance is clearly 

* There is some evidence that a case was observed in Kdnigsberg in i860. 

« It should be pointed out that the symbols introduced by these writers are extremely con- 
fusing and difficult to decipher. It is to be hoped that the international symbols (see p. 4) 
will be adhered to in future. 
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dominant, l)nt in j^aaioration IV of this family all the eight children 
W(Te aff(‘rted. Van den fhTgh (1931) traced the Holland l)ranch and 
the two an‘ combined into one pedigree in Fig. 228. ddie hrst marriage 
of I. 2 was childless. Hunter (1932) afterward added 5 affected mem- 
bers (2 cf 3 9 , a brother of HI. 7 and his descendants, not in pedigree) 
and van den Bergh (1931a) added four more to the Holland branch. 
Case I. 2 married four times but only the third marriage left descend- 
ants with oval red cells, so the third wife (I. 3) must have transmitted 
the condition; II, 3 emigrated to America with her husband. In the 
part of the pedigree in Holland the blood groups were also determined. 
This and other evidence shows that elliptic cells can occur with all 
four blood groups and there is no evidence of genetic linkage. 

Lawrence (1931) described three more cases — a white woman, a colored 
woman (Fig. 229) and a Russian Jew. His four children and four grand- 
children were examined, one child having the same condition as her father, 



Pig. 22Q. Sealed preparation of blood .showing 
elliptical red cells. (After Lawrence) 


i.e., some “sausage-shaped” cells with rare typical sickle cells, while one 
grandchild showed a few oval cells. These aberrant forms are frequently 
grouped together under the name poikilocytosis. Other scattered ca.ses were 
described in the United States and in Berlin. Cheney (1932) described a 
family in San F'rancisco with 14 cases (100? 4 9 ) in three generations. The 
condition was a strict dominant with no skip of a generation, the sibships 
numbering 14 affected : 14 normal. The family was Italian, the parents of 
the first generation known to be affected being born in Palermo and there 
was no evidence of anaemia in any case. In another study, Terry, Hollings- 
worth and Eugenio (1932), in an analysis of the fifty-two known cases, 
found the sexes equally affected and a generation occasionally skipped. 
The elliptical cells were found to l)e heavier than the round ones and more 
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resistant to hypertonic salt solution. In an autopsy case oval cells were 
found in heart muscle, spleen and suprarenals. They were also present in 
the marrow of the femur, which was reddish purple and semifluid instead 
of yellow and thick in consistency. The condition was regarded as an 
atavistic mutation. In a Swiss family .(Leitner, 1943) seven out of eight 
persons in three generations had elliptocytosis and two of them showed 
hemolytic anaemia. 

Grzegorzewski (1933) described a family in Danzig with 21 cases 
(iicf 109) in five generations, strictly dominant with no skip. He 
recorded sixty cases reported in America and Europe in whites, negroes 
and colored, in Americans, Dutch, Germans and Swiss of ages three 
to seventy-six years. Rotter (1933) reported a similar dominant pedi- 
gree with 9 cases (5 cT 4 9 ) in three generations in a family in Costa 
Rica with no negro blood. McCarty (1933) reported eleven cases from 
Alabama. Four of these were discovered in the routine examination 
of ca. 10,000. The other seven are relatives of three of these. In three 
generations of a family McCarty found 48 per cent elliptic cells in the 
grandfather, 15 to 17 per cent in the tlaughter and 10.3 per cent in the 
grandson. She makes the suggestion that the original mutation shows 
blending inheritance in later generations. This is hardly in accord 
with the strict dominant inheritance through several generations nor 
with the wide variation within a sibship. Hunter and Adams (1929) 
found 91 per cent and 17 per cent elliptic cells respectively in two sisters. 
The cause of these wide variations is still unknown. McCarty found 
that if the red cells are washed with lecithin they all become round, 
and concluded that the elliptical shape was an end (destructive) stage 
of all red cells. 

Pollock and Dameshek (1934) described a Jewish family from 
western Russia in which the red cells were round, oval, elongated, 
sickled or oat-shaped with long pointed ends from which long filaments 
extended, i.e., sickle-shaped. The condition was found in two sisters, 
a brother and the mother. Among 135 other patients examined, in 
three of them 3 per cent of the red cells were oval or elongated; in 
four others i per cent of the cells were so affected; in eleven 0.25 to 
0.5 per cent of cells were elongated ; in thirty o.i to 0.2 per cent; while 
in 40 persons there was one abnormal red cell per 1000 and in the 
remaining 47 no abnormal cells were found. The occurrence of 3 per 
cent or less of abnormal cells is therefore widespread and no special 
significance need be attached to it. These observations also show that 
transitions can occur between oval or elliptical and sickle cells. 

These authors regard oval, elongated and sickled cells and sickle-cell 
anaemia as four gradations of abnormality determined by heredity. It is 
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conceivable that they may be allelic conditions or mutations at one locus 
of a chromosome, but the occurrence of so many intergrades makes this 
decidedly doubtful. Perhaps abnormal red cell shapes with or without 
anaemia may prove to be two conditions allelic to the normal. In any blood 
cell preparation the abnormalities generally increase with time. The effects 
of temperature, pressure, chemicals and other agencies have also been 
studied. Scriver and Waugh (1930) found that by altering the oxygen con- 
tent of the blood in the arm by a bandage the sickling increased with decrease 
in oxygen tension. Sydenstricker (1923) described the case of a Negro with 
mild anaemia whose red cells ranged continuously from circular to oval and 
elliptical, occasionally three times as long as broad, 90 to 95 per cent being 
of abnormal type. 

Reference may be made to a few more recent cases of elliptocytosis. 
Vischer (1938) described a Swiss family with twelve cases in three 
generations. They were all descended from a single pair five generations 
back, and the inheritance was dominant. The persons were healthy, 
with no anaemia or icterus, and the blood groups were O or A. Lieber- 
herr (1938) similarly found twenty-two cases in a family of sixty-six 
members and concluded that any association with anaemia was acci- 
dental. Steinbrinck and Hahnelt (1938) found a brother and two 
sisters with ovalocytosis, a daughter of one sister also affected. The 
blood groups were A and O. Iwao and Yoshida (1940) described the 
first Japanese case, in mother and son. 

The literature has been fully reviewed and three lai^e interrelated 
families of German extraction added in a paper by Wyandt, Bancroft 
and Winship (1941). Twenty-five per cent elliptic or oval cells has 
been taken as the border line between normal and affected, but they 
generally range from i to 15 per cent in ordinary persons. A total 
of 246 cases in 64 families was found in the literature, besides 31 cases 
in 7 other families which were doubtful because of the small number of 
elliptic cells present. These cases include Czechs, Poles, Russians, 
Jews, Germans, Swedes, Danes, Swiss, American whites and Negroes, 
Javanese (14 cases in a family) and one report from Japan. Trans- 
fusion experiments with elliptocytic blood shows that the elliptic cells 
have a life of only twelve to thirteen days, which is much shorter than 
that of normal red cells. The conclusion has been drawn that there is a 
predisposition to anaemia which is usually fully compensated. Others 
hold that elliptocytosis has no relation to anaemia, but this appears 
to be incorrect. 

In the three German families above-mentioned, eighty-seven members had 
elliptic cells. As there is some overlapping in the pedigrees it is difficult to 
determine the exact numbers involved. There appears to be only one case 
of skipping a generation. The affected are 53cr : 34 9 . In the sibships the 
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ratio is apparently 87 affected ; 80 normal. In one family where both 
parents had elliptic cells there were two sons with round cells, two sons who 
had died and one daughter whose condition may be significant. She had 
both elliptic cells and sphaerocytes with other evidence of hemolytic icterus, 
such as splenomegaly, increased fragility of the red cells, a high number of 
reticulocytes and jaundice. Probably she was homozygous for the gene for 
elliptocytosis. The coexistence of sphaerocytes and elliptical cells has been 
reported in certain other cases. 


The incidence of elliptocytosis has been estimated at 0.04 to 3 per 
cent and is probably not over i in 1000. It appears to be higher in 
Germany than elsewhere. One individual with elliptical cells is re- 
corded whose father and mother, two sisters and their children had 
only round cells. This is a possible mutation from normal, but the 
evidence is by no means conclusive. Especially in the case of a domi- 
nant character, it is important to assemble the evidence of origin de 
novo until an unassailable case is found. Those with few elliptic cells 
in a family with elliptocytosis have been called part carriers, but as 
already mentioned, their significance is obscure. 

Burks and Wyandt (1941) find a possibility that the gene for oval 
cells may be linked with that for the AB blood groups, evidence of 
possible linkage with taste blindness, mid-digital hair and hair color 
being largely negative, but more evidence is required. 

Penfold and Lipscomb (1943) describe the first case of elliptocytosis 
in England. A Jewish family in London had both elliptocytosis and 
telangiectasis {q.v.). In four generations there were four members with 
only telangiectasis and five with both. Each disease was dominant 
with skips and there was no evidence of linkage between them. Fraser 
Roberts (1945) points out that statistical analysis of this small pedigree 
furnishes strong evidence against close linkage of these two conditions. 
It is important that every family in which two inherited abnormalities 
occur should be fully published so that the presence of coupling or 
repulsion can be determined. 


\/Sicklemia 


Sickle-shaped red cells is another anomaly which is inherited as a 
Mendelian dominant (Si). It was discovered (Herrick, 1910) in a 
young Negro from Grenada, West Indies, who was suffering from 
anaemia. This condition is now called sickle-cell anaemia (or drepano- 
cytanemia), while the sickling without anaemia (see Fig. 230) is called 
sicklemia. It is frequently accompanied by acute abdominal pain. In 
a sealed wet preparation of blood the sickling gradually increases up 
to twenty-four hours or more. Sickle cells are not present in the blood 
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stream. If the slide is kept for several days the cells gradually revert 
to their normal shape and this may also happen if the cover slip is 
previously removed. Probably there is some defect in the formation of 

fhese cells in the bone marrow. 
(Murphy and Shapiro (1944) dis- 
cuss the nature of this de fec^ In 
a very recent paper (i945J7these 
authors make a full study of a 
case of sicklemia in a Negro and 
find that it is fundamentally an 
abnormality of erythropoiesis (red 
cell formation), which differs from 
sickle-cell anaemia only in having 
a higher threshold of sickling of 
the red cells. The sickle cells arc 
rigid and cannot pass through the 
capillaries, thus producing throm- 
Fig. 230. Photomicrograph of blood from accompanying severe 

a patient with sickle-cell anaemia. X 240. . „ • • j 1 • 

(Made from a stained preparation from The cnsiS SO prOClUCeCl IS 

the laboratory of Dr. C, H. Smith) relieved when the sickled cells 

, finally are hemolyzed. A new crop 

of red cells then appears, which tend to sickle as they grow older, thus 
producing a fresh crisis which lasts about ten days. 

Sickle cells are most common in the Negro race. From the results of 
Levy (1929), Diggs et al. (1933), Tomlinson (1941) and others, the fre- 
quency ranges from 5.6 per cent to 9.6 per cent in American Negroes, the 
general result being 7.3 per cent in 8453 Negroes. By contrast, 309 whites 
showed no case of sickle cells. It may be expected, however, that white- 
skinned segregates from crosses will occasionally have sickle cells in their 
blood. In Negroes, the cells were found in a premature infant and at 
ninety-nine years of age. The results were somewhat higher with venous 
than with capillary blood. The authors confirm that moderate anaemia is 
almost the rule among colored children and is no more common in those 
with sickle cells. A Cuban mother and child are reported, both with ne- 
groid features and sickle cells. Ryerson and Terplan (1935) reported two 
Negro families in Buffalo, New York, with sickle cell anaemia. In one the 
mother and daughter were affected, while the affected in the other family 
were mother and three of five children, the anaemia being acutely hemolytic. 
English (1943) found sickle cells in a Bantu from Angola near the border of 
Northern Rhodesia. Evans (1944) found 15 to 25 per cent of West African 
Negro soldiers affected. McGavack and German (1944) sickle cells in 
8 per cent of 300 African Negroes at wSan Juan, Honduras. Tomlinson (1945) 
finds from 6.5 to ii per cent in mestizos, browns and blacks in the Canal 
Zone, Panama, and the British West Indies. The condition is consistently 
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more frequent in females than males and some nine per cent of these cases 
have sickle-cell anaemia. Sickle cells thus render the individual more liable 
to anaemia. 

The occurrence of sickle cells in the white race is relatively rare but 
appears to be particularly characteristic of the Mediterranean peoples. 
Archibald (1926) described an Arab boy in the Sudan with sickle-cell 
anaemia. His parents both lacked sickle cells, but negroid ancestry 
is not improbable. Cooley and Lee (1929) reported sickle-cell anaemia 
in two brothers of Greek descent and Rosenfeld and Pincus (1932) 
described a family with sickle-cell anaemia (Fig. 230), 5 persons 
(49 I cf) in three generations having sickle cells. This family was 
of pure Italian descent from Calabria. In another family (Haden and 
Evans, 1937) two sisters, of Sicilian parents, had sickle-cell anaemia. 
They improved following splenectomy. The symptoms are similar 
to those of congenital hemolytic icterus, but that is accompanied by 
sphaerocytosis, in which the red cells become spherical.^ Greenwald 
and Burrett (1940) have described still another Italian family from 
Sicily with sickle-cell anaemia. There were 5 cases (49 i c?) in two 
generations. The three youngest had sickle cells but no anaemia. The 
sickling condition is accompanied by decreased fragility of the red 
cells. Sicilians and South Italians may have Negro blood from the 
slave days of the Roman Empire. 

From these results it appears that sicklemia is found mainly in 
peoples of Negro origin or belonging to the Mediterranean race. Sights 
and Simon (1931) described a case of sickle-cell anaemia in an American 
of Scotch-Irish parentage, but as the relatives were not studied to 
exclude possible Mediterranean or negroid admixture, this single ceise 
can hardly be taken as evidence of sicklemia in the races of northern 
and central Europe. Greenwald, Spielholz and Litwins (1943) describe 
sickle-cell anaemia in another Sicilian family from Palermo, with five 
cases in three generations. Target cells and erythroblastosis were also 
present. Winsor and Burch (1944) find that sickle-cell anaemia in 
Negroes leads to a particular habitus mainly characterised by linear 
build, emaciation and arachnodactyly with a tendency to kyphosis, 
lordosis and hoop chest. 

Poikilocytosis (bizarre forms of red cells) has been observed in cattle (Reid, 
Huffman and Duncan, 1945). They found 233 cases in 423 dairy cattle 
(55.1 per cent). When 50 per cent of the red cells were poikilocytes, the 

‘ Gillespie (1943) points out that such cells are not truly spherical, but that the more 
nearly spherical the cell, the less the volume of water it can absorb from hypotonic solutions 
without stretching of its surface membrane and consequent hemolysis. Castle and Daland 
showed that differences in hypotonic fragility of the red cells in different mammals can be 
explained by differences in the dimensions of these cells. 
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health was subnormal. They suggest a nutritional deficiency as the cause, 
but heredity is probably involved. 

Ponder (1945) shows the remarkable transformations which take 
place in the red cell in the sickling process. The changes of shape occur 
in reduced oxygen tension and are reversible. 

Thalassemia and Related Jaundiced Conditions 

Another hereditary blood disorder which has a clear racial distribu- 
tion is thalassemia or the erythroblastic anaemia of Cooley. It was 
also referred to in the early literature as von Jaksch's disease, as he 
first described in 1889 a group of cases of anaemia in infancy or child- 
hood with greatly enlarged spleen, some hepatic swelling, leukocytosis, 
changes in shape of the red cells and chlorotic anaemia. Cooley (1928), 
and in a series of earlier papers, showed that children with this type 
of anaemia develop large numbers of nucleated red cells after splen- 
ectomy; they have a sallow complexion, mongoloid features and a 
thickened skull, are undersized, rthe serum is frequently pigmented, 
the anaemia of the hypochromic type (red cells pale), with variation 
in their size and shape. He found the disease to be confined usually 
to infants of Syrian, Greek or Italian parentage. Moncrieff and Whitby 
(1934) described a Greek child in England with thalassemia whose 
parents were healthy and unrelated. They concluded that the disease 
is a blood dyscrasia inherited as a Mendelian recessive, occurring in 
the Mediterranean race and comparable with sicklemia in the Negro. 

The three conditions, erythroblastic anaemia of Cooley (thalas- 
semia), congenital hemolytic anaemia (or congenital hemolytic jaun- 
dice) and sickle-cell anaemia, are nearly related. Vogt and Diamond 
(1930) point out that they all show hyperactivity of the bone marrow 
tissue (marrow hyperplasia) with large numbers of nucleated red cells 
(erythroblasts) in the blood. 

This condition has been identified in the skulls of pre-Columbian 
Mayan, Peruvian and North American Indians, also in ancient Egyp- 
tians and in a French child of the Gallo-Roman period. Whipple and 
Bradford (1936) found it also in Armenian children. They regard 
pigment deposits as characteristic of this disease, the red cells being 
also abnormally thin in some cases. In an earlier paper (1932) they 
reported three cases and suggested the name thalassemia or Mediter- 
ranean disease. They found typical changes in the bone marrow and 
suggested that they were analogous to those in pernicious anaemia. 
A pair of Italian identical twins were both affected, and in an autopsy 
case the skull weis greatly thickened, with histological changes (spongy 
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appearance) also in the ribs and other bones. There was pigmentation 
(which may be extreme or slight) of liver, pancreas, stomach, kidneys 
and endocrines. The fundamental change may be in metabolism or 
perhaps in the red cells. In the later paper they found that the dis- 
turbance in pigment metabolism is identical with that in hemochroma- 
tosis (q.v.) and concluded that the disease is due to some inherited 
racial defect, with abnormalities in the hemopoietic (blood-forming) 
tissues, osseous changes as in acromegaly and pigmentary changes as 
in hemochromatosis. Since the parents appear normal it was believed 
recessive in inheritance, and sublethal since the death-rate of affected 
children is very high. Five other cases of Italian children, two of them 
brother and sister, are described by Koch and Shapiro (1932) in 
Brooklyn, in addition to eighteen previous cases in the literature. The 
onset was in early infancy with grave and chronic anaemia accompanietl 
by splenomegaly and icterus (yellow skin). There may be enlargement 
of cranial and malar bones with an associated mongoloid facies, as well 
as low hemoglobin content, erythroblastosis, and leukocytosis of 
varying degree with increase in myeloid and lymphoid cells, but no 
increase in red cell fragility.' 

-» 

Mills (1938) describes the case of a female Greek child in Montreal whose 
two brothers had already died of the disease, which supports its recessive 
character in heredity. He concluded that the primary “cause of the disease 
is failure of certain primitive marrow cells to undergo normal maturation. 
The increased skin pigmentation was found to be due to melanin, not 
hemosiderin. The essential features of this condition may be characterised as 
(i) increased skin pigmentation, (2) increase in the marrow cavity of the 
bones, (3) enlarged spleen, (4) intractable anaemia, (5) hemosiderosis of 
liver and pancreas. This inherited sublethal syndrome is clearly distinct 
from both pernicious anaemia and hemochromatosis. 

A benign form of thalassemia was found by Wintrobe, Matthews, 
Pollack and Dobyns (1940) in a Sicilian family in Baltimore. The 
father and two sons showed splenomegaly, hypochromic microcytic 
anaemia with icterus, the red cells resistant to hypotonic saline. The 
mother also showed this increased resistance as well as microcytosis 
(small red cells). There were very slight changes in the blood of two 
daughters and slight splenomegaly in two children of one daughter. 
Similar conditions were observed in two other Italian families in which 

* In 1927, Fanconi described a form of hyperchromic anaemia in three brothers who died 
in childhood. Dacie and Gilpin (1944) the same condition in two brothers and their 
double cousin (hence recessive). The blood of one, who partly recovered, underwent rapid 
autohemolysis in vitro, as in nocturnal hemoglobinuria. Many single sporadic cases are 
probably recessive outcroppings. The authors point out that abnormalities such as clubfoot 
and absence of thumbs are frequently associated. 
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icterus and splenomegaly were both present. An Italian family in 
Boston with microcytic anaemia is described by Strauss, Daland and 
Fox (1941). The erythrocyte count is normal, but the cells veuy in 
size and shape. There are many small cells with hj^pochromia and 
increased resistance to lysis by hypotonic saline. X-ray photographs 
show a granular appearance in the skull and the anaemia is unrelieved 
by therapy. The inheritance appears to be dominant, with 10 cases 
(2 cf 8 9 ) in two generations, as shown in Fig. 231. 


Id 
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Fig. 2JI. Pedigree of microcytic anaemia in an Italian family. (After 
Strauss, Daland and Fox) 


In another family from the eastern Mediterranean, Atkinson (1939) 
described a brother and sister with erythroblastic anaemia, yellow 
color, weakness and splenomegaly. The hemoglobin was ca. 36 per 
cent and the red cell counts 2,900,000, the cells being hypochromic 
and microcytic. The condition was distinguished from congenital 
hemolytic icterus by the increased resistance of the red cells to hypo- 
tonic saline. Caminopetros (1938), in the Pasteur Institute of Athens, 
studied forty-two new cases congenital in Greece and Crete. He con- 
cluded that the condition was probably a Mendelian recessive, frequent 
in Asia Minor. The pedigree of ten cases in four generations indicates 
rather a dominant with very incomplete penetrance, a generation 
being skipped five times (Fig. 232). Affected children died within 
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Fig. 232. Pedigree of infantile erythroblastic anaemia. 
(After Caminopetros) 


two years. Many of them had perfect Mongolian features but only 
two had the Mongolian eye. Caminopetros found increased resistance 
of the red cells in normal members who transmit and he states that a 
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diseased child always belongs to the same blood group as the carrier 
parent, thus indicating linkage. Hittmair and Auhuber (1930) give 
two pedigrees of hemolytic icterus with high frs^ility of the red cells 
in which they find slight evidence of linkage with the blood groups. 
Further investigations are needed to determine possible linkage. The 
previous literature contained fifty-six cases and the suggestion is 
noted that the older civilizations were decimated by this inherited 
disease. Smith (1943) records sixteen families (54 cases) with a domi- 
nant mild form which is more common than the severe type. Valentine 
and Neel (1944) find a total of twenty-seven cases in two Italian and 
two Sicilian families in America, the inheritance dominant but with 
a mild and a full-blown condition. The former are heterozygous and 
the latter homozygous for the gene for thalassemia. From a study of 
the Italian population {ca. 75,000) in Rochester, N. Y., Neel and 
Valentine (1945) find that the heterozygous condition (thalassemia 
minor) has a frequency of ca. i in 25 persons, the homozygotes (thalas- 
semia major) numbering one in 2368 births. Fawdry (1944) describes 
twenty cases of Cooley’s anaemia in children in Cyprus. They had 
enlarged spleen and liver anaemia, some having mongoloid facies with 
epicanthus. One child showed dwarfing, infantilism and exophthalmos, 
Neel and Valentine * conclude that thalassemia is recessive, but some 
heterozygotes show slight anaemia. Recessiveness applies to some pedi- 
grees, but not to all. Diwani (1944) describes two cases of Cooley’s 
syndrome in Egyptian children and one in a Greek child, two having 
also an enlarged heart. He distinguishes splenic anaemia (von Jaksch 
disease) as differing in not being fatal and not found in Mediterraneans. 
Davis (1944) distinguishes between hyperchromic macrocytic anaemia 
responding to liver therapy (megaloblastic) and macrocytic anaemia 
associated with normoblastic bone marrow and not responding to 
liver treatment. He describes three cases in children, in one of which 
there was a change from hypochromic microcytic to hyperchromic 
macrocytic anaemia. He found the peripheral blood and the marrow 
in these cases typical of pernicious anaemia, but believed the cause to 
be defective assimilation from the alimentary tract. Huber (1939) 
described three families with 17 cases of what he calls panmyelophthisis 
in three generations, giving details of the numbers of lymphocytes 
and polymorphonuclears. The condition was regarded as a hereditary 
constitutional myeloid weakness. 

That thala^mia is not confined to the Mediterranean race appears 
to be shown by the work of Cooper (1941), who stated that in Mel- 
bourne, Australia, there are at least three families showing the condi- 

® Records Genet. Soc. Amer. 1943, No. 12, p. 52. 
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tions of this blood dyscrasia, but he makes no mention of their racial 
affinities. The symptoms include enormously thickened skull bones 
and mongoloid features. In one family (Fig. 233) 9 cases (3c?’ 6 9), 
including all members but one, were affected in three generations. 


i i S i 4^ 

11 10 d.7 d. 3 mos. 

233 - Pedigree of acholuric jaundice with 
bone changes. (From Cooper) 

Case II. I underwent splenectomy at fourteen, but survived and trans- 
mitted the condition to five of her six children. In a family with such 
a large excess of defectives in two generations the condition might be 
a general constitutional one rather than the result of a heterozygous 
pair of genes. 

Cooley’s anaemia is thus instructive genetically, for it shows how 
the condition can be regarded as recessive if the heterozygotes (having 
no symptoms) are treated as normal. But examination of their blood 
shows recognizable abnormal conditions (the minor form), and the gene 
is, therefore, a partial dominant, sublethal in the homozygous (major) 
condition. 



Acholuric Jaundice and Anaemia 

In 1934, three yellow (jaundiced) rats appeared in a litter of thirteen 
in the colony of rats of Wistar origin at the Connaught Laboratories, 
Toronto (Gunn, 1938, 1944). From them was derived a strain with 
hereditary acholuric jaundice — the only known case of hereditary 
jaundice in animals. The young are normal at birth but become jaun- 
diced in twelve hours or so. Hybrid normals crossed with jaundiced 
gave a total of 113 yellow : 120 normal, and yellow rats intercrossed 
bred true. The condition is therefore represented by a single recessive 
gene. The recessiveness is not complete, however, since the heterozy- 
gous carriers show increased fragility of the red cells and reticulocytosis. 
The mechanism of this increased fragility is discussed by Haden (1934). 
Unlike human jaundice, rat jaundice does not respond to splenectomy. 
These rats also show a marked lag in growth, which is attributed to 
the inability of rats to use carotene as a source of vitamin A; but as 
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already pointed out, there is also retarded growth in children with 
congenital acholuric jaundice. The acholuric rats also showed marked 
nervous symptoms, with a wobbly gait or partial paralysis of the hind 
limbs resulting from vitamin A deficiency. 

Acholuric or hemolytic jaundice was first accurately described by Min- 
kowsky in 1900. Claude Wilson had already published in 1890 an account 
of six cases in three generations of a family under the name ‘'hereditary 
enlargement of the spleen.” Minkowsky described eight cases in three 
generations of a family which showed enlarged spleen, jaundice with bile 
absent from the urine but present in the stool, excess of urobilin in the urine, 
and kidney siderosis. The skin was yellow from birth, and the urine red- 
brown, but apparently the life was not shortened by this dominant in- 
heritance. Chauffard first showed in 1907 that the red cells were less than 
normally resistant to hypotonic saline and that reticulocytes (red cells 
with a visible network) were present in large numbers. In the same year the 
hemolytic nature of the disease was recognized, i.e., that large numbers of 
the red cells are destroyed. Based on these discoveries, the hereditary form 
of acholuric jaundice has been called the Minkowsky-Chauffard type and the 
acquired form (sometimes due to obstruction of the bile duct), which is less 
common, is alluded to as the Hayem-Widal disease. In the latter, autoag- 
glutination of the red cells takes place, but rarely in the former. 

Meulengracht (1922), in a monograph on this rare disease, collected 
fifty cases occurring since 1914. Eight families with thirty-three cases 
were described in which acholuric jaundice behaved as a simple domi- 
nant. In one case the condition had apparently arisen de novo. Lord 
Dawson (1931), in a survey of the disease, regarded hemolysis as the 
dominant lesion, resulting from red cell fragility. In early stages this 
is met by overaction of the healthy marrow, the spleen often becomes 
enlarged and anaemia in varying degrees results. Jaundice may or 
may not appear. 

A recent thesis (Lloyd, 1941) enters again into the physiology of the 
disease, recognizing a tendency to cholelithiasis in affected individuals. 
Individuals differ greatly in their susceptibility to trinitrotoluene (Evans, 
1941). In an ordnance filling factory there were seven cases of jaundice 
from T.N.T. (two fatal), the jaundice appearing within six months of 
exposure. 

A large family with a mild form of acholuric jaundice has been stud- 
ied by Cowen (1936) in Melbourne. It shows 23 cases (12 c? ii 9)^in 
three generations with much incapacity and invalidism but no deaths 
from this cause. Splenectomy gives lasting freedom from symptoms. 
The inheritance is clearly dominant. Cheney and Cheney (1934) 
describe a family in San Francisco with five cases in four generations, 
again dominant. Schrumpf (1935) described a family in Oslo with 



640 


HUMAN GENETICS 


five cases in three generations. They showed heightened serum color 
but no enlargement of liver or spleen or reticulocytosis and without 
lowered osmotic resistance of the red cells. 

Although acholuric jaundice in man and rats can be taken as parallel 
mutations, it is remarkable that while essentially recessive in rats it 
is, generally at least, a dominant in man. As we have seen, however, 



Fig. 234. Pedigree of acholuric jaundice. (After Campbell and Warner) 


this distinction can no longer be regarded as fundamental, as it appears 
to be dependent in some cases on the genetic background of the organ- 
ism. A dominant pedigree from Campbell and Warner (1926) is given 
in Fig. 234 with 15 cases (7cr 8 9) in five generations. Cases III. i 
and III. 2 were apparently normal carriers but their red cells showed 
the characteristic diminution of resistance to hemolysis by sodium 
chloride. The blood also contained bile and the urine an excessive 
amount of urobilin. Here again any sharp distinction between domi- 
nant and recessive breaks down. 

In a family described by Manson (1928), there were six cases of 
hereditary icterus in four generations without splenomegaly or sifiorten- 
ing of the length of life. The skin and conjunctiva were yellow but 
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there was no bile in the urine. An apparently normal brother had 
five times the normal amount of bilirubin in his blood, while in affected 
individuals the bilirubin content was seventeen to thirty times the 
normal. The family had a characteristically cheerful, placid tempera- 
ment. Doll (1926) also points out that hemolytic icterus can occur 
with or without jaundice symptoms, even in the same person at 
different times. 

In this milder form of acholuric or hemolytic jaundice, the health 
does not suffer and many reach an advanced age. They are jaundiced 
but not sick, the sexes are equally affected and there appears to be no 
racial bias. Tileston (1922) showed that the condition was not due 
to syphilis or tuberculosis but thought the laws of heredity could not 
be applied to it, since the “ congenital ” type might only begin in the 
second decade or later; but of course this is not an argument against 
inheritance. The acquired type of jaundice may be from obstruction 
of the bile passages or from infection, intoxication or malignant disease. 

Weber (1931) describes a family with seven cases of dominant hemolytic 
jaundice in four generations. The father, who was affected, died at seventy- 
six. Only one of his fifteen children showed the disease. This man had ten 
children, three of whom were affected. One of his daughters transmitted it 
to two of her five children. Three of these cases had leg ulcers, a not uncom- 
mon accompaniment of the disease. Koenan (1938) has another dominant 
pedigree with 13 cases (5 c? 89) in three generations. Every child but one 
in the three generations was affected and the condition could be produced 
by pregnancy. 

Dameshek and Singer (1941) described two families with familial 
non-hemolytic jaundice. One was Jewish with three cases in three 
generations, the other Italian with twelve cases in three generations, 
including all eight members of one sibship with one affected parent. 
The inherited condition is believed to be a simple disturbance of liver 
function. The skin and eyes were more or less yellow, but there was 
no splenomegaly, sphaerocytosis, reticulocytosis or increased fragility 
of the red cells, and a low urobilin content in the faeces. Dameshek 
(1943) described in five families of Italian origin a mild form of Cooley’s 
anaemia, which he calls target cell anaemia, from the appearance of 
some of the red cells.^ It Is dominant in inheritance. 

In a critical study of 26 families with 183 members. Race (1942) 

’ These target cells are usually thin and Bauer (1945) suggests for this condition the name 
kptocytosis. In all these abnormal cell shapes the life of the red cell is shortened. If new cells 
are not produced fast enough in the marrow and if the liver fails to dispose of all the liberated 
hemoglobin, then hemolytic anaemia with icterus will develop. The various red cell shapes 
constitute genetically a graded series with different degrees of liability to hemolysis, anaemia 
and icterus. Some authors deny that target cells represent a separate condition. 
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confirms the dominant inheritance of acholuric jaundice but does not 
find associated abnormalities unusually frequent. The sibships show 
a deficiency of jaundiced, which is probably due to their lessened via- 
bility, and the homozygous condition may be lethal. He finds some 
evidence for the existence of acquired cases, apart from mutations. 
Absence of linkage is shown with the AiA^BO blood groups, MN, the 
secreting factor, eye color, attached ear lobes and probably phenyl- 
thiocarbamide tasting. 

It appears from the evidence that the mild form of acholuric jaundice 
is dominant and widespread in Caucasians, while the severe form {thalas- 
semia) is recessive and found mainly in the Mediterranean race, thus 
following the usual law that the more severe form is recessive. It seems 
possible that these conditions are allelic, and both may be affected 
in their expression by the genotype of the family. Thus Beckman 
and Jaderholm (1932) give an account of a Swedish family in which 
splenomegaly was present and was followed by operation. There were 
15 cases (10 c? 5 $) in five generations, the condition being dominant 
with 14 affected to 9 normal sibs. 

In another family (Hansen and Klein, 1934) microcytic anaemia is dom- 
inant with eighteen cases and seven /ome5 frustes in four generations. This 
family has several other abnormalities, including tower skull, epicanthus, 
Dupuytren’s contracture and accessory mammae. A persistent pupillary 
membrane occurs in nearly all affected cases. This might be due to linkage 
of genes. That symptoms of hemolytic jaundice may only develop in old 
age is shown by the case (Mandelbaum, 1939) of a woman of sallow com- 
plexion who, at seventy-five years of age, developed jaundice with micro- 
sphaerocytes and increased fragility of the red cells. Splenectomy was 
followed by recovery. 

That newborn babies tend to become jaundiced is well known and 
the condition is familial. Fordyce and McFee (1924) described a 
family with three cases of icterus gravis neonatorum. Case III. 2 had 
enlarged liver and in III. 3 both liver and spleen were enlarged. The 
former died aged two months, the latter at age one day. This is a 
prenatal form of erythroblastic anaemia.® Collis (1934) described a 
similar family of five children, all of whom were deeply jaundiced 
shortly after birth and soon died. The symptoms can sometimes be 
overcome by injections of human serum. In the work of Hawksley 
and Lightwood (1934) this was believed to be an inherited recessive 
condition. In a pedigree extending through five generations there 
were two consanguineous marriages. One resulted in three stillborn 
births followed by three babies with icterus gravis neonatorum who 

^ For an explanation of this in connection with the Rh blood group see p. 700. 
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died in a few days, and finally one normal son* This son married a 
cousin and one of their two children was jaundiced at six weeks but 
recovered. 

Similar sublethal conditions have been described in mice (Griineberg, 
1939), associated with a change in coat color. Dominant spotting is lethal 
in the homozygous condition (WWO- These mice are anaemic and die a 
week or two after birth, but if given in tra peritoneal injections of blood they 
grow up into black-eyed whites. An allelic mutation, is less severe. 
The heterozygote has white spots on the head and belly. is viable, 

a black-eyed white. The red cells of these animals are only about half the 
normal number, and the hemoglobin is only two thirds the normal amount. 

is very similar to but its anaemia is more severe. mice 

have more or less normal birth weights and W*W* are intermediate, 
being definitely underweight. In both these anaemic mutations the transi- 
tion from the megaloblastic erythropoiesis of the foetus to the normo- 
blastic erythropoiesis of the adult is delayed and remains incomplete. 

A family with hepatitis and chronic jaundice was described by Debr6 
(1939). Normal parents had six children, four of them affected. The 
essential features were hypertrophy of liver and spleen, chronic icterus, 
with retardation of physical, mental and sexual development. One 
child was also slightly deaf and another had clubbed fingers. This was 
regarded as a good example of biliary cirrhosis of the liver, closely 
analogous to renal dwarfism. Debr6 gives five short French pedigrees. 
He found the condition rare in France and Germany, more frequent 
in England and America but unknown in Spain and Italy, probably 
most common in Mexico and India, three different types being dis- 
tinguished. Parsons (1939) described another family with normal 
parents, in which five of nine children were taken ill during their second 
decade and died within a few weeks from hepatitis, or inflammation 
of the liver. The liver showed intense perilobular fibrosis, but there 
were no brain changes, so the condition was not hepatolenticular 
degeneration. Bramwell (1916) described a family of 7 children seven 
to fourteen years old, 4 of whom (i cf 39) had cirrhosis of the liver, 
the parents normal. A rise in temperature, with jaundice and ascites 
(fluid accumulation in the abdominal cavity), led to death in three 
or four weeks. He regarded it as perhaps related to Wilson’s progres- 
sive lenticular degeneration. 

The condition known as erythroblastosis foetalis has been classified 
into three clinical syndromes and the differences have been considered 
by Lightwood and Hawksley (1933). There were 15 cases at the 
St. Louis Maternity Hospital among 22,209 births. Pache (1939) 
believed in a hereditary form of congenital erythroblastosis and 
described three cases in a family in two generations, but it is now clear 



644 


HUMAN GENETICS 


that the explanation is as recounted below. A recent discovery throws 
light oh the nature of this condition. It is now known (see Chap. XVI) 
that the Rh blood factor is found in ca. 85 per cent of white persons 
and absent in 15 per cent. It is inherited as a Mendelian difference. 
Levine, Burnham et al. (1941) conclude that if the father has the Rh 
factor and the mother lacks it, the foetus may inherit it from its father. 
Through the placenta the Rh agglutinogen in the red cells of the child 
will then produce isoimmunization of the mother’s blood. The maternal 
agglutinins thus formed will pass back through the placenta and 
agglutinate the red cells of the foetus. Of 153 cases of erythroblastosis 
foetalis investigated, 93 per cent were found to be due to this cause, 
which is an indirect result of inheritance. Isoimmunization is also 
the probable cause of some other habitual abortions and stillbirths. 

Eosinophilia 

An increase of the eosinophilic leukocytes in the blood can occur 
under various conditions. It may be caused by allergy, by dermatoses 
or by the presence in the body of parasites such as Trichina. The 
normal number of eosinophils in the blood appears to be ca. 2 to 5 per 
cent. Klinkert (1911) in Rotterdam first directed attention to consti- 
tutional or familial eosinophilia. He described a family in which the 
frequencies of eosinophils varied widely. The father was slightly 
above normal with 6 per cent and the children ranged from 8 per cent 
to 15 per cent. Bezangon and Moreau (1914) concluded that eosino- 
philia, when prolonged, is a symptom of poisoning, especially by 
proteins of animal origin. They could establish no relation between 
eosinophilia and anaphylaxis. Singer (1933) concludes that eosino- 
philia is a reaction to substances in the blood, derived from muscle, 
since it occurred in a case of chronic myositis. 

Klinkert (1920) described a father and five children with eosinophil 
counts ranging from 7 to 15 per cent and hypersensitivity to foods, 
urticaria, asthma, hay fever, migraine, angioneurotic oedema and gout. 
Exjsinophilia was regarded as an effect derived through the autonomic 
nervous system. Fanton (1928) described a father and daughter with 
eosinophilia but no allergy. The mother had 19 per cent eosinophils, 
and three children 10, 14 and 15 percent respectively, from no demon- 
strable cause. Cirio (1926) records the case of a healthy man in Italy 
with 66 per cent eosinophils, whose brother and five children showed 
6 to 15 per cent. Bastai (1923) records a girl of seventeen with 27 per 
cent eosinophils, the mother, 33 per cent, a sister, 32 per cent; the 
father and three other sisters were normal. Extraneous causes of 
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eosinophilia were carefully excluded. When marrow eosinophilia is 
produced by raw liver this is apparently an allergic reaction. In a 
study of 30 cases of primary thrombocytopenic purpura, Schwartz 
(1945) found two classes, (o) with, (b) without, an increase of eosino- 
phils in the marrow. He suggests that the former type is due to some 
particular allergic agent which can be eliminated. Apley and Grant 
(1945) find that five cases of tropical eosinophilia with pulmonary 
disease are probably allergic manifestations from various allergens. 

Four striking families were published by Stewart (1933) in which 
the frequency ranged as high as 33 and 42 per cent. These conditions 
are known to persist in the individual in some Ccises for many years. 
The nature of this constitutional condition and its inheritance is by 
no means clear. In one family both parental sibships and the two 
children were high in eosinophils. In the second family the parents 
showed 2 and 6 per cent respectively, their children 10, 42 and 10 per 
cent. In another family the parents were 2 and 7 per cent, the children 
22, 4, 4, II, 9, 19 and 13 per cent. There would thus appear to be 
segregation, but all the affected children except one were much higher 
than the affected parent (the mother). 


A more baffling case was described by Armand-Delille, Hurst and 
Sorapure (1930). This was an English family which lived in Venezuela until 
four years before the observations were made. The condition of eosinophilia 
is very rare in Venezuela apart from 
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worm infections, but one individual 
tested there gave 40 per cent and 
another gave 60 and 20 per cent at 
different times. The family in ques- 
tion, examined in London and Paris, 
gave the results shown in Fig. 235. 

Again only one parent is slightly if 
at all above normal, whereas in four 
of the children the figures range 

from 14 to 62 per cent while two are normal. In II. 2, a boy of eight, the 
tests ranged from 51 to 62 per cent. The children were all perfectly 
healthy. One can only conclude that the nature of the inheritance here, if 
it is inheritance, is very doubtful. In the Dutch East Indies high eosinophilia 
is not uncommon due to infection with Strongyloides intestinalis, but the 
tests for such infection in these children were negative. Tropical eosinophilia 
can also be produced by filaria infection and by atabrine. 


Fig, 23 $, Percentage of eosinophils in par- 
ents and children. (From Armand-Delille 
et al.) 


There appear to be only three other families described in the medical 
literature with similar conditions of high eosinophilia. Palma (1931) 
has a pedigree with 46 cases (24 cf 20 9 ) in three generations of a 
family with 65 members (13 of whom were not examined). This would 
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indicate a dominant inheritance. In India and Egypt it can be acquired, 
perhaps through infection by a spirochaete or protozoan. 

Polycythemia vera {Vaquez’s disease) was described by Vaquez in 
1892 in patients who were cyanosed but without heart disease, having 
also a high count of erythrocytes and enlarged spleen. The normal 
number of red corpuscles appears to be about 4.5-6.5 million per cubic 
millimeter for men and 4-5.6 million for women. Many familial cases 
of polycythemia have been reported since 1914.. It is frequently ac- 
companied by enlarged spleen and the number of corpuscles may be 
as high as 12,500,000 per cubic millimeter. It is a constitutional con- 
dition of the erythropoietic system with a possible basis of endocrine 
derangement. The face and tongue become very red. The veins of 
the retina show hemorrhage and distension and the cornea may become 
bluish. 


An Italian immigrant family with benign polycythemia is described 
by Spodaro and F'orkner (1933). Their condition was normal except 
for the high count of red cells. In this family the father, mother and 
paternal grandfather all had very red faces. Of the three sons and 
five daughters, all but three showed excess red cells, the numbers 
ranging from 6,000,000 to over 8,000,000 per cubic millimeter. Four 
of the children also had enlarged spleen. There was no leukocytosis 
and the rest of the blood picture was normal. The inheritance appears 
to be dominant in this family. 

Brockmann (1937) made an elaborate investigation of the condition 
and its inheritance. He discovered 17 probands and studied hemato- 
p . p. logically all of their available rela- 

I ^ tives, i.e., 294 out of over 500. 

^ P-, A 1-4 ri p. Not a single affected relative was 

DjO DjU UjU LhpJ found in any case. Of the seven- 

teen resulting pedigrees, in all but 
four the condition is probably re- 

□ -r O cessive because they have left a 

“ number of descendants (all nor- 

Fig. 236. Ancestry in a case of polycy- or, in Fig. 236, because of 

inbreeding in the ancestry. Two 
had no living children and two others had only one child (normal). 
Hence these might conceivably have been dominant mutants, especially 
ap there was no Inbreeding in their ancestry. We therefore have a 
total of two dominant pedigrees, thirteen recessive and four which might 
have been dominant mutations. The absence of other cases among the 
collateral relatives of such a rare condition is hardly an argument in 
favor of their recessiveness. 
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Because there are no cases among the collaterals, Brockmann postulates 
polymeric recessive genes, but this scarcely seems necessary since there is 
no evidence of consanguinity except in one pedigree (Fig. 236). The strong- 
est argument for two or more genes being necessary for the production of 
recessive polycythemia is the fact that five of the single cases occur in rather 
large sibships of 10, 9, 8, 7 and 7 respectively. On the other hand the other 
single cases are in sibships of 5, 5, 5, 4, 4, 3, 3, 3, 3, 3 and i respectively, in 
which no more than one mono-factorial recessive need be expected. The 
isolated individuals with polycythemia did not belong to any particular 
constitutional type, nor did they have any gastric defect, endocrine derange- 
ment or other blood disease. 

One must conclude that both dominant and recessive polycythemia 
occur, the latter being the more usual and perhaps polygenic ® in some 
cases. Nadler and Cohn (1939) have since described a family in which 
polycythemia vera seems clearly to be a single gene recessive. The 
parents were normal but 4 children (i cf 3 9 ) of the 9 examined showed 
polycythemia without symptoms. The mother stated that four of 
her eleven children had red faces from the time of birth. These four 
showed red cell counts 7.5-8. 8 million per cubic millimeter, a high 
hemoglobin content and hematocrits approximating 150 per cent of 
normal. The blood picture of the sibs was normal. Engelking (1920) 
shows clear dominant inheritance in a family with 1 1 cases (4 cf 7 9 ) 
in three generations. This was chronic polycythemia with effect on 
heart or kidneys and without high blood pressure. 

The condition has been called morbus coeruleus because of the cyanosis. 
Engelking emphasizes the ocular effects. The conjunctiva take a violet 
color and there are other changes. Fitz, Walker and Branch (1942) describe 
a case at length and discuss its etiology, which remains obscure. Glaze- 
brook (1944) describes a woman with polycythemia vera and koilonychia. 
X-ray treatment cured both conditions. 

Towle, Coulson, and Fowler (1945) investigated 25 cases. They emphasize 
the slow development of the disease and regard it as neoplastic, like leukemia. 
Others believe it is due to an abnormal increase in Castle’s intrinsic factor 
in the presence of a diathesis characterised by deficiency in the central 
regulation of haemopoiesis. 

Polycythemia has been produced in many animals, including dogs, mice, 
frogs and ducks, by injections of cobalt. Drew and Grant (1945) emphasize 
the relation of polycythemia to disease of the nervous system. Papilledema 
(oedema of the optic papilla) is often present. Tinney et al. (1945) describe 
eight cases in which polycythemia vera is associated with gout. This results 
from the fact that hyperuricemia (excess of uric acid in the blood) frequently 
arises in polycythemia due to the excess of normoblasts undergoing catabolic 
changes of their nucleoprotein. 

® This term seems preferable to polymeric as it is probable that the genes which, on this 
hypothesis, produce polycythemia are themselves quite diverse in character. 
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Pelger’s Nuclear Anomaly of the Leukocytes 

Pelger’s anomaly of the leukocytes, which is non-pathologic, WiiS 
discovered in 1928 in Amsterdam. It consists in an inhibition of 
nuclear maturing in the myeloid cells of the marrow. Uninucleate 
leukocytes predominate in the blood stream, and the nuclei are less 
segmented than normal. The nature of the change in the nuclei is 
cytologically obscure and an investigation is called for, but the chro- 
matin appears to be in a pycnotic state, with masses present which 
are not true nucleoli. The anomaly affects all three types of granu- 
locytes — neutrophils, eosinophils and basophils. 
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Fig. 237. Pedigree of Pelger’s nuclear anomaly of the leukocytes. 
(Reconstructed from Huet) 


Huet (1932) found the condition in a nephew of Pelger’s case and 
described two other families in Amsterdam with this anomaly. The 
condition is uniformly dominant. One of Huet’s pedigrees is given in 
Fig. 237, 8 Ccises (3 cf 5 9 ) in three generations, sibships 7 affected : 
8 normal. In another family four of seven children were affected. 
The third family had 8 cases (4 cf 4 9 ) in three generations, the sib- 
ships numbering 7 affected : 9 normal. 

By 1935, ten families were known, seven in Holland and one each 
in Germany, Switzerland and Czechoslovakia, the method of inher- 
itance being the same in all. One case has been recorded in a colored 
person in the Dutch East Indies. In the Swiss case (Undritz, 1933) 
20 to 40 per cent of the leukocytes have a nucleus which is rod-shaped 
or recalling the condition in young myelocytes. This wais the first 
family described outside of Holland. It consisted of a sister (thirty- 
two), brother (twenty-eight) and sister (twenty-three) affected. An- 
other sib was not seen. 


Leitner and van Leeuwen (1935) described a family with 5 cases (49 i cf) 
in three generations. The transmission in this family was through three 
females, two of whom did not show the anomaly, but one had chronic 
bronchitis and the other pollen allergy. ZOndel (1935) discovered an East 
Prussian family with 8 cases (5 o' 3 9 ) in three generations, the condition 
being inherited through the father except in one case. Arneth (1937) de- 
scribed two families, one with twenty cases in three generations (sexes not 
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given), the other with three male cases in two generations. He emphasizes 
that the health of these families needs to be carefully watched. Leitner 
(1938) in Basle has three pedigrees of Pelger’s anomaly, in one Swiss and 
two Dutch families. They show (i) 4 cases (scf 2 9 ) in two generations, 
(2) 5 cases (2 cT 3 9 ) in three generations, (3) 3 cases (29' i 9 ) in three 
generations, with simple dominance in every case. Leitner states that two 
isolated cases have been described which might be mutations or might be a 
non-inherited (induced) condition. 

Tischendorf (1939) reported twenty families in the literature and 
described two more families in which the anomaly is strictly dominant, 
one with 8 cases (5 o' 3 9 ) in three generations, the other with 6 cases 
(icf 59) in three generations. Tischendorf finds one male “part 
carrier” in each family. He believes that the father seldom transmits 
and then only as a part carrier (i.e,, with the anomalous cells less 
frequent). Females appear to have transmitted about twice as fre- 
quently as males, but there is no confirmation that the offspring of 
males are necessarily part carriers. Schinz (1943), confirming the 
dominant inheritance, finds that heterozygotes may be either part 
or full carriers. Nachtsheim has shown that in rabbits the condition 
is a strict dominant, and homozygotes show a high mortality, their 
leukocyte nuclei being all round and pycnotic. The survivors have low 
vitality, anaemia, blindness and deafness as well as shorter limbs. The 
homozygous condition may be lethal in man too. Sar (1944) cites 
eight cases (5 c? 3 9 ) in three generations of a healthy colored faniily. 
This makes a total of 89 cases in thirteen families, the sexes equally 
affected. C6sar (1943) describes a father and four of thirteen children 
with catarrhal rhinopharyngitis, enlarged lymph nodes, neutropenia 
and leukocytes with atypical granulations. Four of the children were 
albinos. 

Hegglin (1945) describes a man and his two sons with peculiarities 
in the blood cells. The megakaryocytes and thrombocytes are changed 
in form and the platelets take abnormal forms, which leads to a hem- 
orrhagic diathesis and is a form of thrombopatky (see Chap. XV). The 
neutrophils and eosinophils show basophilic irregularities. This is 
probably a new mutation, dominantly inherited. Of the forty living 
relatives, thirty-one were examined and found to be normal. 

Pernicious anaemia is still in many respects a mysterious disease 
although first described by Combe in 1822, It occurs in both sexes, 
generally beyond middle life, chiefly in persons with a large and bulky 
frame and a strong tendency to fatness. The disease has an insidious 
beginning; the face gets pale, there is a tendency to breathlessness and 
the muscles become flabby. This ends in death after several months of 
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extreme debility, although the obesity persists. The volume of the 
blood is decreased but the coagulation time is increased, so that slight 
wounds may bleed freely. The serum is golden yellow with bilirubin 
and the urine is highly pigmented with urobilin and urobilinogen, the 
skin becoming straw yellow. The reticulocytes which appear in the 
circulation after hemorrhage have an increased resistance to hypotonic 
saline, the red corpuscles and blood platelets are decreased in number 
and the fibrin formation is poor, the hemoglobin and leukocytes also 
being reduced. This description is taken from Piney (1925), who states 
that the disease is somewhat commoner in men than women and is most 
frequent between the ages of forty and sixty years. It is extremely 
rare in children and is said to be unknown in the tropics. 

Additional symptoms generally present are achylia gastrica (diminu- 
tion or absence of gastric juice) and especially achlorhydria (absence 
of hydrochloric acid from the stomach). Frequently there is also 
degeneration of the posterior and lateral columns of the spinal cord. 
Thus the blood system, the stomach and the nervous system are all 
fundamentally affected. The effect on the spinal cord is evidently 
secondary, but the mechanism by which it is produced is quite 
unknown. Possibly it is one of the effects of a single pleiotropic gene. 
The victims tend to have larger ears, flattened features and light eyes. 

Wilkinson and Oliver (1931) describe the case of a man who was invalided 
from the army in 1857 for persistent diarrhoea. His two daughters, a grand- 
daughter and a great-granddaughter all suffered from this condition, and 
three of them were shown to have achlorhydria, which was probably present 
in all five cases. In 76 out of too cases of intestinal intoxication (21 cf 55 9 ) 
examined, either achylia or hypo-acidity was found to be present. A pair 
of male MZ twins developed pernicious anaemia at the age of ca. 57, within 
18 months of each other (Frank, 1933). Both also were afflicted with paral- 
ysis agitans, debility and tower skull. 

This disease is clearly related to acholuric jaundice, although there 
are many differences. As we have seen, the latter has excessive fragility 
and the former increased resistance of the red cells to hemolysis. In 
pernicious anaemia there is a reversion to the megaloblastic type of 
erythropoiesis met with in early embryonic life, while in hemolytic 
jaundice the red cells are smaller and more nearly spherical than normal. 
These two types of anaemia are therefore known as macrocytic (large 
celled) and microcytic (small celled) respectively. The name megalo- 
blastic hyperchromic anaemia has been suggested for the former, since 
the red cells have at least their normal amount of hemoglobin. 

In normal development the liver produces blood cells up to the second 
month, then the seat of production is gradually transferred until at the 
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end of the sixth month the bone marrow produces all. The liver produces 
cells of megaloblastic type (like those of pernicious anaemia), about 20 /4 
in diameter and nucleated. At the end of the fifth month erythrogenesis 
becomes normoblastic. The normoblasts are much smaller and by extrusion 
of their nuclei are believed to become the red cells of the postnatal circula- 
tion. Pernicious anaemia is thus, as pointed out by Cooke and Hill (1930), 
a pathological reversion to an embryonic type of blood cells. In this disease 
erythroblasts (containing a nucleus) are common in the blood stream, and 
nuclear remnants are frequently seen in the red cells. When granular, these 
are known as Howell- Jolly bodies. They may also take the form of Cabot’s 
rings or a figure of eight. The blood cells not only vary greatly in size (2-15 fx 
in dried films) but are characteristically oval and deficient in protein. 
Vacuoles also appear in the cytoplasm of both nucleate and enucleate cells. 
Auto-agglutination frequently occurs at room temperature, which is ascribed 
to reduction of differences in potential of the red cells, while rouleaux forma- 
tion is nearly absent, probably due to the cell shapes, some being biconvex 
and some almost globular. 

In a recent study of blood cells, La Cour (1944) finds that the myelocytes 
are normally tetraploid. The precursor cells in the marrow may be classed 
as pre-myelocytes and pro-erythroblasts. They differ in their Feulgen stain- 
ing and in their ribose-nucleic acid cycles. In pernicious anaemia these dif- 
ferences are accentuated, the chromosomes of the former becoming less 
spiralized, of the latter tightly spiralized with generally multipolar spindles. 
The pro-erythrocytes also produce (abnormal) tetraploid megaloblasts. 
Tetraploid cells undergo no further divisions, and the abnormal relative 
numbers of red and white cells in pernicious anaemia may be associated 
with shortage or excess of the nucleic acids. 

Japa (1945) finds that the esvsential abnormality of haemopoiesis in perni- 
cious anaemia is inhibition of cell division, producing (i) decrease in the 
frequency of mitosis, (2) its earlier cessation. He also finds a lack of proper 
development of the nucleoli. 

It is recognized, of course, that anaemia can also arise from such 
secondary causes as hemorrhage, infection, carcinoma or toxic con- 
ditions. The etiology of pernicious anaemia remains obscure, but there 
are many records of its familial occurrence (a) in several sibs, ( 6 ) in 
father or mother and several children, (4:) in sibs and an uncle or aunt. 
The great majority of cases are regarded as idiopathic and inherited, 
due to some slowly developing defect in the hemopoietic organs rather 
than to a hemolytic process. Several writers have regarded the inher- 
itance as dominant, and the evidence indicates that it is a conditioned 
dominant, not infrequently skipping a generation. Its familial occur- 
rence was recognized as early as 1876. Cooley (1928) pointed out that 
congenital hemolytic icterus, sickle cell anaemia (formerly included 
by some under Jaksch’s anaemia) and erythroblastic anaemia form a 
series, and from the simplest to the most severe there is progressively 
less benefit from splenectomy. 
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The racial distribution of pernicious anaemia is very different from 
that of thalassemia and appears to be as characteristic of the northern 
European peoples as the latter is of the southern. Friedlander (1934), 
from a study of five hundred cases in Boston, confirms the opinion 
that the disease is largely confined to the white race in the temperate 
zones. The highest percentage of cases is found in Sweden, Denmark 
and Canada, then England and the United States, but it rarely if ever 
occurs in Negroes of pure blood, though often present in colored persons. 
Friedlander finds a constitutional predisposition in persons with fair 
complexion, light hair and light-colored eyes. Whether this is a matter 
of genetic linkage or of the fair type being more susceptible, there is 
no evidence. Its occurrence in negro mixtures would argue against 
the former alternative. It is supposed to be rare in Chinese, but this is 
uncertain. 

Mustelin (1922) recorded the first case in three generations of a family. 
Grandmother, mother and daughter were affected, with a number of normal 
sibs. He concluded that the condition was probably dominant, but not a 
single-factor condition. Gram (1930) reported on a family in which two 
died of pernicious anaemia and a third suffered from gastric achylia and 
severe microcytic anaemia which was improved by large doses of iron. 
The daughter of this last patient developed pernicious anaemia. The 
original grandfather, six of his children and ten of his sixteen grandchildren 
were all examined. One daughter at forty-three showed achylia, Hunter's 
glossitis, and microcytic anaemia, which became latent pernicious anaemia 
nine years later, and ten years afterward developed into frank pernicious 
anaemia which was cured by liver therapy. Another daughter at forty- 
seven showed gastric achylia and microcytic anaemia, which responded not 
to liver but to iron. The third daughter at forty-three had an attack of 
anaemia which was cured by iron, but she had gastric hypersecretion. Of 
the ten grandchildren, aged nine to twenty- two years, only one had simple 
anaemia, which responded to iron. All but two, however, showed hyper- 
secretion and hyperacidity in the stomach, so that achylia and pernicious 
anaemia may appear later. 

Gram concludes that pernicious anaemia depends in some way on 
an inherited condition whose consequences may run through any of 
these seven phases and end with pernicious anaemia: (i) acid gastritis, 
(2) slight temporary anaemia, (3) dyspeptic symptoms, (4) glossitis, 
(5) gastric achylia, (6) severe temporary anaemia, (7) pernicious blood 
picture (latent pernicious anaemia). 

Gastric achlorhydria is described in five members of a French family by 
Martinez (1927). The two sisters in generation I had chronic diarrhoea 
and indigestion and ultimately died of gastric cancer. Cases II. i and 
III. 2“5 suffered from chronic diarrhoea with achlorhydria and II. i died 
of gastpc cancer. In generation IV, five of the thirteen children had achlor- 
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hydria (three without symptoms). Hysterical neurotic temperaments were 
characteristic of this family. In another family the mother and three 
daughters had achlorhydria a.ssociated with chronic diarrhoea and a hys- 
terical neurotic temperament. The grandfather died of gastric cancer and 
his two brothers had gastric disturbances. The daughter and granddaughter 
were hysterical and neurotic. 

Among the many reports of families may be mentioned one by 
Schemm (1940), who studied thirty-two authenticated cases in Mon- 
tana in six years and cites many previous studies. The familial inci- 
dence is shown to be at least 18 per cent and probably much higher 
because of the difficulties of tracing the inheritance of a disease which 
generally develops rather late in life. In one family, four brothers 
and a sister were affected but responded to liver therapy. One sister 
showed no evidence of the disease and another sib who appeared normal 
was not seen. Two cases were reported in each of five other families, 
all sibs except in one instance of mother and son. 

Among 645 cases of Stamos (1940) at Ann Arbor, Michigan, fifty-one 
revealed the disease in one or more other members of the family. In 
five families three or more children had Addison’s pernicious anaemia, 
while in five other families it was present in three or more members in 



Fig. 238. Family showing pernicious anaemia and achlorhydria. (After Maclachlan 
and Kline) 


successive generations although the condition is relatively rare. Meu- 
lengracht’s (1925) important statistical study with three pedigrees 
should not be overlooked. Connor (1930) examined the gastric acidity 
of 109 patients and 154 of their relatives. He found achlorhydria more 
frequent than in the general population. The incidence was 15.7 Pfif 
cent among relatives under forty years of age, and 42.3 per cent among 
those over forty. Maclachlan and Kline (1926) described a family 
(Fig. 238) with 17 cases (13d' 4 9) in four generations, A cousin 
marriage in which five of the thirteen children developed anaemia is 
recorded by Askey (1940). This family alone suggests a recessive 
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inheritance. From an analysis of the literature he lists many other 
families, in all of which the inheritance appears to be dominant with 
an occasional skip. In four pairs of MZ twins both members were 
affected, and in three other pairs anaemia was probably latent in the 
second member. 

Wilkinson and Brockbank (1931) recognized that the condition is 
usually associated with achlorhydria and that the relatives of pernicious 
anaemia patients may have only achlorhydria.. The latter condition 
may be found ten to twenty-five years before the onset of anaemia. 
They found in the literature 127 families with more than one case of 
pernicious anaemia. In 5 1 families anaemia and achlorhydria co-existed 
and in 14 families achlorhydria alone was found. Among the relatives 
of 291 patients with pernicious anaemia, 70 cases of achlorhydria were 
found, i.e., 24.1 per cent. Nearly half the cases of achlorhydria have 
also achylia gastrica. In several families achlorhydria was associated 
with chronic diarrhoea, in one case through four generations. These 
authors conclude that pernicious anaemia is much more frequent than 
generally supposed and that the primary heredity factor is probably 
a diminution in the gastric secretory functions. 

In a further study, Oliver and Wilkinson (1933) point out that absence of 
HCl in the gastric juice occurs after typhoid fever and in many other con- 
ditions. It can also arise as a constitutional condition present in many 
members of a family through several generations. It is associated not only 
with anaemia but also with allergy and with rheumatoid arthritis. While it 
may occur at any age, it is more common in later life. Moschcowite (1931) 
reached similar conclusions regarding the relation of achlorhydria to per- 
nicious anaemia and suggested that the latter represents a combination of 
a deficiency disease (perhaps lack of an unidentified member of the B 
complex) with lack of a gastric hormone. 

Cooley (1941) also points out that achlorhydria is commonly present 
in families having pernicious anaemia and is often if not always a 
hereditary precursor of that disease. Lack of Castle’s "intrinsic 
factor,” an enzyme-like substance secreted by the stomach mucosa 
which controls the rate of red cell production in the bone marrow, 
is also apparently concerned. Agren (1944) produces evidence that 
this “factor” is the enzyme amino-polypeptidase. Cooley finds that 
gastric cancer is frequent in families with pernicious anaemia. There 
are thus three conditions to be genetically accounted for: (i) those 
of the stomach, (2) those of the blood, (3) those of the spinal cord. One 
possible genetic interpretation is that these are three independent but 
closely linked genetic effects, but one pleiotropic gene may be con- 
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cerned. It is also possible that macrocytic and microcytic anaemia are 
allelic mutations at the same locus of one chromosome. 

In this connection may be cited a pedigree of Waugh (1935) in which 
hemolytic jaundice was present in seven persons in four generations, trans- 
mitted as a dominant. The cases of hemolytic jaundice had an olive com- 
plexion which was occasionally distinctly yellow, with yellow conjunctiva. 
The remarkable feature is that III. 2, having had hemolytic anaemia all his 
life and transmitted it to two of his children, developed pernicious anaemia 
at sixty-three, which was reduced again to hemolytic jaundice by liver 
therapy, with corresponding changes in the blood picture. During the 
pernicious stage both megaloblasts and microcytes were present in his blood. 
Perhaps the most likely explanation is that this man was heterozygous for 
both conditions, the pernicious anaemia developing late in life. If that is 
so, some of his four jaundiced ancestors, whose ages at death are not re- 
corded, might also have been potential cases of pernicious anaemia, and 
the same of course applies tf) the son. This suggestion, however, is far from 
satisfactory and the whole matter of genetic relationships requires further 
investigations. Other similar cases have been reported. 

Dogs can be made anaemic by bleeding or by injections of acetyl 
phenylhydrazine, but there has been failure so far to produce pernicious 
anaemia in animals. 

Ranson and Reback (1942) record a case of pernicious anaemia 
which throws considerable light on the inheritance of this disease. 
They describe a man who, at the early age of twenty-two developed 
the disease together with degeneration cf the spinal cord. His mother 
and his father’s brother both had the same conditions. Perhaps the 
mother and uncle were both heterozygous for the condition, and the 
homozygous condition in the son brought on the disease at an extremely 
early age. The gene would be an irregular dominant, since it was not 
expressed in the father. As the disease sometimes occurs in successive 
generations, this seems the most likely interpretation. 

Claussen (1939), in an analysis of hemolytic anaemia, concludes that 
it has a deep effect on bone growth, its prototype being hemolytic 
icterus. Weakness of the blood corpuscles leads to their increasing 
breakdown. This, in turn, in spite of greatly increased power of com- 
pensation of the bone marrow, results in lack of blood, jaundice, and 
hyperplasia of the spleen and liver where the red cells are manufactured. 
The hemolytic constitution appears to be a derangement of bone growth 
and of the blood-building marrow as the co-ordinated expression of 
a deep change in the system. Ovalocytosis, Naegeli’s sphaerocytosis, 
sickle-cell anaemia and Cooley’s erythroblastic anaemia with abnormal 
red cells and hyperostosis of the skull are all regarded as degrees of 
hemolytic anaemia with more or less marked tower skull. 
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Hypochromic Anaemia 

This condition was defined by Faber in 1913, but was known much 
earlier under the name chlorosis. Dameshek (1931) shows the several 
respects in which it differs from pernicious anaemia. The individual 
shows pallor, sometimes from childhood, without icterus; atrophied 
tongue, spoon nails and achlorhydria. The red cells show hypochromia 
and are below the average in diameter. There is nevertheless hyper- 
plasia of the bone marrow, which is crowded with erythroblasts and 
normoblasts. These cases respond not to liver but to iron and it is 
suggested that inadequate gastric digestion of organic iron is the pri- 
mary condition. Seven cases were described, all but one females; they 
belonged to the northern nationalities generally, and brown eyes and 
hair were fully as common as blue eyes and fair hair. Mills (1931) 
simultaneously proposed for this condition the name hypochromemia. 
He described ten cases, all in women. Heredity was shown in one 
case where a daughter, aged fourteen years, was “decidedly chlorotic.” 
Among several hundred cases of this disease now studied in Europe 
and America, only one was a male. This restriction to the female sex 
is another respect in which it differs from pernicious anaemia. Heath 
(1933) described three sisters who had symptoms of both pernicious 
and hypochromic anaemia with achlorhydria. Two brothers, a sister 
and the mother suffered from pernicious anaemia only, while two of 
the doubly affected daughters had a child with pernicious anaemia. 
This throws little light on the genetic relation between these two 
conditions. 

Barrow (1934), in a summary of the literature, concludes that the hypo- 
chromic (achromic) anaemia with achlorhydria is frequently found in fam- 
ilies where there is also primary or secondary anaemia in other members 
of the family He describes the case of a woman with the above type of 
anaemia whose mother and sister had a secondary anaemia of unknown 
origin. 

Lundholm (1941) has explained the inheritance of hypochromic 
anaemia, which is next in frequency to pernicious anaemia. In Sweden 
it is particularly frequent in women after puberty and before the 
climacteric. Using Dahlberg’s “later sibling’s” method, Lundholm 
shows that it occurs among the sisters of patients with a frequency 
of 41 ± 6.6 per cent. Half the mothers also have the disease, which 
is dominant in women, with a penetrance of nearly 100 per cent. 
Lundholm ’s hypothesis is that the condition does not manifest itself 

“ Koilonychia is part of the syndrome of microcytic (hypochromic) anaemia, achlor- 
hydria and glossitis, seen especially in middle-aged women. 
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unless there is loss of iron through bleeding. Normal persons quickly 
absorb the necessary iron in their food, but persons with this hereditary 
predisposition cannot do so. Women who have the gene develop 
anaemia and require large doses of iron because of loss of blood between 
the ages of fifteen and fifty. Men rarely suffer from it when no bleeding 
can be found, but the presence of the gene may be revealed if they 
have hemorrhoids, bleeding ulcer or wounds. Infections or lack of 
vitamins may reveal the condition in some men and women. The 
genic condition, which is transmitted as an ordinary dominant, then 
causes some abnormality in the digestive tract, giving decreased power 
of absorbing iron. Loss of blood reveals the condition whenever present 
in the female but is only an exceptional occurrence in the male. Hence 
the disease is exhibited mainly in the female sex. 

Laufberger (1937) discovered the protein ferritin in horse spleen in the 
form of brown octahedral crystals containing 20 per cent iron. Granick and 
Michaelis (1943) removed the iron, producing colorless protein crystals 
(apoferritin) of the same form. They conclude that the iron in ferritin is 
in the form of colloidal micelles of Fe(OH)3 filling the interstices of the 
crystal structure. They confirm Laufberger that ferritin functions as iron 
reserve in the body. Probably the inheritance element in hypochromic 
anaemia is the reduced ability to form ferritin. 

Steiner (1939) described six cases of hypochromatic anaemia with 
blue sclera. These anomalies might be genetically or developmental ly 
connected, or the blue color might be a result of disturbed iron 
metabolism. 

Cooley (1945) has described a remarkable sublethal type of anaemia 
with elliptocytosis. The pedigree shows nineteen cases (all males) in 
five generations. There were ten normal brothers. Sixteen of the 
Ccises died, ten of them in their first year. The condition is either reces- 
sive sex-linked or possibly an autosomal gene dominant in males and 
recessive in females, like pattern baldness. There is, however, no case 
of transmission by an affected male. Two brothers in the fifth genera- 
tion were studied. In both, the red cells tend to be microcytic and 
hypochromic, with periods of polycythemia, but the elder had no 
symptoms and may survive to reproduce. 

Both mild and severe forms of hereditary anaemia have been studied in 
mice. A recessive form of anaemia due to inadequacy of the blood-forming 
cells is lethal in the homozygous condition (de Aberle, 1927). Before birth, 
the homozygous dominant whites are lighter in color, having only 25 per 
cent of the hemoglobin and 14 per cent of the red cells found in normals, and 
they die within ten days after birth. Individual tissues develop normally in 
tissue culture. The flexed-tailed mutation of the house mouse is also deficient 
in hemoglobin and erythrocytes at birth (Mixter and Hunt, 1933) but the 
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defect disappears in about two weeks. This condition also appears to be 
recessive. Newborn mice are pale, but the condition is neither permanent 
nor fatal. It remained uncertain whether anaemia and flex tail are the 
pleiomorphic effects of a single gene or two genes closely linked. 

Methemoglobinemia 

In 1905 van den Bergh distinguished between cyanosis due to sulph- 
hemoglobin and that due to methemoglobin. Both substances may 
be present in the blood at once. Dieckmann (1932) described a woman 
of twenty-seven whose skin had been blue from birth. She had tachy- 
cardia (rapid heart beat) and spectroscopic examination of her blood 
showed the presence of methemoglobin in large amounts. This is a 
chocolate-brown substance which cannot carry oxygen. It may be 
found in the blood of normal persons after large doses of acetanilid 
and other substances. Dieckmann found only six previous cases 
reported. Bensley, Rhea and Mills (1938) described the condition in 
a French-Canadian man of thirty-seven and his elder sister. He had 
a bluish discoloration of the skin from the age of twelve, his lips were 
blue and he suffered from constipation and periodic abdominal pain 
and vomiting. His sister had eight normal children. The condition 
is thus probably inherited as a rare Mendelian recessive. 

Deeny, Murdock and Rogan (1943) describe the first cases of familial 
methemoglobinemia in the British Isles. A man of twenty-nine had a 
livid blue color from birth and a brother was less deeply cyanosed, his 
condition becoming pronounced at eleven years of age. The parents, 
two other brothers and a sister were normal. Unfortunately it is not 
stated whether the parents were related, but they cite a recent case 
in France and another in Austria with affected sibs, which increases 
the probability of recessive inheritance. In six sibships 10 cf* and 4 9 
children were affected, and perhaps one father. Graybiel et aL (1945) 
report the condition in a young man and his cousin, again indicating 
recessive inheritance. Both were blue babies. Some cases of cyanosis 
attributed to congenital heart disease are really of this origin. They 
cite a French case in which the inheritance is said to be dominant. 
Paul and Kemp (1944) find small amounts of methemoglobin normally 
present in the blood. 

Felly's Syndrome . 

In 1924, Felty reported five cases of a condition in which chronic 
arthritis, splenomegaly and marked leukopenia were the symptoms. 
The patients were of both sexes and of middle age (forty-five to sixty- 
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five). The symptoms resemble those of Still’s disease except that the 
latter is found only in children, usually has increased leukocytes and 
a more severe form of arthritis. In a further study of the disease, 
Williams (1936) describes a case and summarizes the nine previous 
cases published. The uniformity of symptoms suggests that this is 
another inherited syndrome with its basis perhaps in a blood dyscrasia, 
but as yet only single cases have been reported. 

High Blood Pressure 

Hypertension, high blood pressure or hyperpiesia was recognized as 
hereditary even in the sixteenth century. Morgagni in 1769 recorded 
cases of apoplexy and found many similar cases among the relatives, 
leading to the belief that it was inherited. Dieulafoy (1876) cited from 
his experience ten families in which two to five members died of 
apoplexy in two or three generations. He regarded heredity as the 
factor of dominant importance in cerebral hemorrhage. All his cases, 
of which he cites at least thirty-one, were struck with hemiplegia 
with or without apoplexy. Some in an affected family were struck 
down at relatively early ages. 

Gutmann (1927) described a remarkable pedigree of death by 
apoplexy. In five generations of a family of thirty-eight persons, 
fifteen died of apoplexy, five more have long had heart disease and 
obesity, and two others committed suicide. The inheritance is domi- 
nant, with only two skips. Again, in three closely related families in 
this village in Wurtemberg, since the middle of the eighteenth century 
eighty-two members have died of apoplexy. 

Draper, Allen and Spock (1929) described a Russian Jewish family in 
which the mother died of cerebral hemorrhage. There were eight children. 
The eldest daughter, two sons and the three youngest daughters died from 
a stroke at the respective ages of ca. 60, ca. 60, 45, 55, 60 and 70. The other 
son and daughter developed high blood pressure and died of heart failure at 
ca. 45. The son of the eldest daughter also had high blood pressure. 

Zipperlen (1932) confirmed the old observation that the pycnic 
man with apoplectic habitus is inclined to hypertension. His investi- 
gation of hypertonics in Tubingen showed a large excess of the pycnic 
type among those with constitutional high blood pressure; but in 
hypertension of nephrogenic origin (in which the kidneys are affected) 
there is a lai^e number of leptosomics. The nephrogenic hypertonics 
frequently had chronic tonsillitis and were inclined to angina, which 
may be the hereditary component. In constitutional hypertension 
diabetes is relatively frequent as well as gall stones, obesity and rheu- 
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matism. A vasoneurosis was often present. Zipperlen described a 
family with 9 cases of hypertension (6 o’ 3 9 ) in three generations, 
dominant, seven of which died of apoplexy. One grandmother suffered 
from dropsy. 

Weitz (1936) made a detailed investigation of hypertensive disorders, 
with pedigrees, and concluded that, apart from dietary influences, the 
main causal element was heredity. Campbell (in Blacker, 1934) cited 
thirty cases of inherited heart disease associated with arteriosclerosis, 
obesity and hyperpiesia; in twenty- four the father or mother were 
affected, in six the parents were normal but the sibs of patients suffered. 
Hence it is usually dominant but sometimes either recessive or a 
dominant of irregular penetrance. In arteriosclerosis, heredity is 
regarded cis more important than all other factors. 

Herapath and Perry (1930) record a family in which the father and three 
sons died suddenly at early ages (thirty-one to forty-three years). There 
were two sons and three daughters unaffected. Premature senility of the 
coronary arteries was the cause. These arteries were found to be almost 
occluded, with intense vascularization of the left ventricle. The report is 
mentioned of an infant of seven weeks which died suddenly and was found 
to show advanced degenerative changes in the coronary arteries. 

O’Hare, Walker and Vickers (1924) quote the case of a family in which 
ten of the twelve members had high blood pressure; another in which nine 
members died of apoplexy; and a third in which nine members have suffered 
from vascular disease in some form. They analyzed three hundred cases of 
permanent hypertension and found that 68 per cent of the relatives were 
affected. In a control series with non-vascular diseases the incidence of 
hypertension in relatives was only 37.6 per cent. 

Weitz (1923) concluded that dominant inheritance accounts for 
most cases of genuine vascular hypertension. He studied the families 
of eighty-two affected persons. Death from heart disease or a “ stroke ” 
was much more frequent in their parents than in the general population 
and the parents seldom reached old age. Hypertension was also fre- 
quent in the siblings of hypertonics. After fifty-five, half the sibs 
had high tension or had already died of it. No more hypertension was 
found among alcoholics than others, and the idea that hypertension 
is generally connected with the pycnic and seldom with the asthenic 
type of constitution was not confirmed. 

Coombs (1930) cites a family in which the father and four children 
all died of coronary disease. He mentions two cases of father and son 
with coronary infarction, and a third case of near relatives. Similarly 
there were families whose members all died of cerebral hemorrhage. 
Nine cases of angina pectoris in a family in four generations are shown 
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in Fig. 239 after Boissevain (1931). In generation II all six members 
died of it, one at the early age of thirty. There is one skip in the third 
generation. Heberden gave the name angina pectoris in 1772, and the 
most accurate and complete account of the symptoms ever written, 
but without understanding the cause. 

He cited nearly a hundred cases, all 
but three in males, generally begin- 
ning after 50 years of age. Hamilton 
(1785) first referred to its inheritance. 

Campbell (1934), in an account of 
hereditary cardiovascular diseases, 
cites some remarkable families with 
angina. A man of forty-four had it. 

His father, mother and first cousin 
died of it, another cousin had blood 
pressure over 200 and a third cousin dropped dead from coronary 
thrombosis. In another family the females were affected. A woman of 
forty-five had angina, her mother and sister died of heart disease, the 
maternal grandmother, cousin and aunt all died of angina. As the trans- 
mission is generally direct, a dominant inheritance is indicated. Von 
Verschuer (1934) described families in which inflammation of the cardiac 
valves, having a hereditary basis, is very frequent. 

Edmondson and Hoxie (1942) found in 25,000 autopsies in Los Angeles, 
865 hearts with unhealed infarcts caused by coronary disease. Patients 
with hypertension which persists after infarction are three times more likely 
to develop cardiac rupture than those with normal or low blood pressure, 
but hypertrophy following infarction prevents rupture of the heart. Feldt 
and Wenstrand (1943) produce insurance examination statistics, based on 
4376 cases, in which they find the incidence of familial cardiovascular disease 
only slightly greater among hypertensive persons than among those with 
normal blood pressure, and on this basis question the inheritance of hyper- 
tension. 

Arteriosclerosis is one of the most frequent causes of death. It some- 
times affects particular organs, producing several cases of cerebral, 
hemorrhage or angina in a family. The manner of inheritance requires 
further investigation, but there may be an underlying do’minant factor. 
Hueper (1944) has recently reviewed the subject of arteriosclerosis 
and related conditions, with full references. 

Musser and Barton (1931) state that the Irish are relatively free 
from angina pectoris, probably because of an inherited racial disposi- 
tion. They conclude that there are two types of coronary occlusion: 
(i) in elderly persons with general arteriosclerosis including that df 
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the coronary system ; (2) a familial condition generally in men not 
over sixty, with slight hypertension but no general arteriosclerosis. 

In a Scottish family living in Bagdad, which numbered 108 individuals 
in five generations, Kennedy (1934) has given the causes of death so far as 
ascertained. Twenty-one died of cardiovascular disease and five cardio- 
vascular patients were still living; five died. of malignant tumors, one also 
having angina pectoris. The tuberculous numbered thirteen (four still 
living). Sixteen lived to over seventy and twelve more to over sixty years. 

Allan (1933) points out that cardiovascular disease is so common 
that its frequent familial occurrence does not prove anything regarding 
its inheritance. He constructed tables showing the expected incidence 
of any unit trait in the parents, sibs and children of persons showing 
the trait, with incidences in the population ranging from 5 to 75 per 
cent. Apoplexy, sudden heart failure or congestive heart failure are 
all indications of high blood pressure, but clinical records of blood 
pressure date back only thirty years. The lower limit of hypertension 
is taken as 160 mm. mercury for systole and 100 mm. for diastole. From 
a statistical study of 480 patients one or both of whose parents had 
hypertension, it was concluded that the condition might be a simple 
dominant but the data were insufficient to prove it. 

Ayman (1934) made a study of the height, weight and blood pressure 
of 1524 persons belonging to 277 families. He regarded 140 systolic, 
80 diastolic as the lower limit for high blood pressure. On this basis, 
in the second generation he found 148 out of 780 children with hyper- 
tension at ages fourteen to thirty-nine years. These persons were 
14.3 lb. above the average weight for normal children. In the families 
of parents with normal blood pressure only 3.1 per cent of the children 
had high blood pressure. When one parent had hypertension, 28.3 per 
cent of the children were in this condition, and when both parents 
were thus affected 45.5 per cent of the children were in the same condi- 
tion. In eighteen families three generations were available and gave 
confirmatory results, showing the importance of the hereditary factor. 

McFeeters (1941) records a pedigree, with twelve cases in three genera- 
tions, of obesity with hypertension and cardiac disease. In some families 
the obesity begins early and in some late, but the high blood pressure is 
definitely dominant in inheritance, although alcohol, tobacco, work, mental 
and physical strain have all been assigned as causes. Weitz (1936) studied 
the causes of hypertension in the peasant population around Tubingen. He 
found the incidence of hypertension no higher in heavy drinkers than in the 
general population. Tobacco also had no appreciable effect on blood pres- 
sure, nor did excessive work or worry. Africans, Indians and Chinese suffer 
much 1 ^ 8 $ from hyperpiesia than Europeans and Americans, but when they 
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adopt European diet their blood pressure rises. Hence the tendency to high 
blood pressure has a constitutional basis, but it may become manifest 
through faulty diet. 


A family tendency to arteriosclerosis and to angina pectoris has been 
generally recognized for years. Goldsmith and Willius (1937) examined 
300 cases (272 cT 28 9 ) in the Mayo Clinic and concluded that heredity 
plays a more important role in coronary disease than is generally 
admitted. Persons with coronary thrombosis were 6.7 per cent over- 
weight for their height and age. Those with hypertension tended to 
be more overweight than those with normal blood pressure. In 165 
of the 300 cases there was a family history of cardiovascular disease, 
but this showed no correlation with the degree of obesity. 


Hines (1937) used a test. When the hand is immersed in ice water, normal 
persons show a minimal reaction, whereas in others there is a marked rise 
both in systolic and diastolic pressure. Among four hundred school children 
tested, 18.7 per cent were hyper-reactors although their blood pressure was 
normal. This condition is believed to precede hypertension. The inherited 
quality may then be a vasomotor system which reacts excessively to certain 
external and internal stimuli and so leads to the development of hyper- 
tension. 
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Fig. 240. Pedigree of hypertension and hyper-reactors. (After Hines) 


The pedigree of one family is shown in Fig. 240. Hypertension 
appears to be inherited as a simple dominant. Thirty families with 
256 members were subjected to the cold test and 12 of them gave only 
normal reactions, the other i8 showing a definite hypertensive diathesis. 
When both parents were normal in both respects none of the children 
were reactors. When both parents showed either hypertension or 
hyperreaction to cold 95 per cent of the children had one or the other 
condition (where 75 per cent would be expected). Where one parent 
was affected and the other not, 43,4 per cent of the children were hyper- 
reactors or had hypertension. Seven pairs of identical twins were 
concordant in their cold-reaction, while in two of three non-identical 
pairs the reactions were markedly different. There is thus evidence of 
a definite dominant factor, which may consist in an easily stimulated 
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condition of the nerves controlling the dilation and contraction of the 
arteries and veins. 

Schwab et al. (1935) had previously used the cold test for comparing 
the incidence of hypertensive cardiovascular disease in whites and 
negroes. The results indicate that a hypersensitive vasomotor mech- 
anism is more frequent in negroes than whites. Since there is a higher 
incidence of cardiovascular disease in the negro (mainly due to syphi- 
litic endarteritis), this may support the neurogenic concept of the devel- 
opment of this disease, i.e., that there is a primary constitutional factor 
as indicated by a hypersensitive vasomotor system. Some later results 
have supported Hines’ conclusion that hyper-reactors later develop 
high blood pressure, but as numerous tests give contrary results (see 
Feldt and Wenstrand, 1942) the relationship is still doubtful. See also 
the discussion on hypertension in Bauer (1945). 

Moschcowitz (1943) classes together hypertension. Graves' disease, peptic 
ulcer, cardiospasm, manic-depressive psychosis and paranoia, as hyper- 
kinetic diseases arising in civilization. They are found, for example, in 
American but not in African Negroes, and cannot be produced experi- 
mentally in animals. He regards them as arising in five stages: (i) constitu- 
tion (the genotype), (2) exaggeration of function, (3) a period of labile 
symptoms, (4) fixation of an exaggerated functioning, (5) somatic changes 
resulting from persistent exaggerated function. However, in examining 
hundreds of Melanesians in the New Hebrides and Solomons, Hyman 
(1945) found many with cardiovascular disturbances similar to those of 
civilization. One inter-related group showed hypertension, perhaps result- 
ing from black-water fever and other infections. Another settlement had a 
number with hypotension. Coronary heart disease was common but was 
rarely accompanied by angina pectoris. 

Hypotension 

Although very little has been written on the subject, it is probable 
that low blood pressure is also inherited. Garvin (1927) published 
the case of a family in which six members — three brothers, two sisters 
and a son — all had low blood pressure, the values being 102 systolic, 
70 diastolic, 96/70, 108/70, 94/72, 98/66 and 98/68. The condition 
is cissociated in this family with obesity. One of the women married 
into a family with hypertension. Her husband’s pressure was 200/120, 
his sister 200/1 10; another sister and the mother died of a “stroke.” 
The blood pressures of the children from this marriage would be 
of great interest. There is some evidence that low blood pressure is 
associated with long life. Whether constitutional racial differences 
in blood pressure exist is still being investigated (see also p. 1247). In 
the observations of Kean (1944) on the San Bias Indians, 408 between 
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the ages of sixteen and sixty-six years were examined. The average 
systolic pressure was 105.2, diastolic 69.3, a large proportion showing 
marked hypotension. 

A case is recorded {Eugen. News 17:99) in which pulse rate seems to be 
inherited, some children having a fast and some a slow pulse when the 
ancestors were some fast and some slow. 

Hodgkin's Disease 

Many views of this peculiar and invariably fatal disease have been 
expressed since its original description in 1832, but it is now regarded 
as essentially a blood disease, although little understood. It rarely 
occurs in children and frequently begins in adults with a glandular 
enlargement on one side of the neck, extending to the axillary, inguinal 
and mediastinal glands and the spleen (sometimes the liver), usually 
with a relapsing fever. The lymph glands contain fibroblasts, eosino- 
phils and giant cells. It is a disease especially of the lymphatics and 
in one aspect is neoplastic (lymphogranulomatosis) ; in another aspect 
it may even be infectious in nature. Hodgkin’s original paper described 
seven cases with splenic and lymphoid enlargement. Much later the 
effect on the bone marrow was recognized. 

Krumbhaar (1931) describes a case with autopsy in which the disease 
was limited to the spleen and bone marrow. He suggests that it should 
be regarded as a disease of the hemolytopoietic (blood forming and 
blood destroying) or reticulo-endothelial system. Eosinophilia heis 
long been regarded ais an integral part of the histological picture. 
Stewart (1929) describes a case in which the count of eosinophilic 
leukocytes was extremely high in the blood as well as the bone marrow 
and the lymph nodes. His review of the subject shows that eosino- 
philia is frequently associated with allergic conditions of one kind or 
another. Longcope and McAlpin (1929) recognize five different forms 
of the disease. Apparently no familial cases have been described, which 
is not surprising if an infection as well as a neoplastic development of 
the lymph nodes and leukocytes is involved. An inherited constitu- 
tional background at least for Hodgkin’s disease seems definitely 
indicated. Chambers (1943) reports that in tissue cultures from 
affected lymph nodes various bacteria and fungi which have been 
regarded as causative agents were sought for, with negative results, 
but some indication of virus inclusion bodies was found. In a dis- 
tributional study of the disease in the United States, Hoster (1944) 
distinguishes between the granuloma and the sarcoma forms and cites 
the numerous causal organisms which have been suggested. 
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This term is applied to any bone- 
disease arising from impaired relation 
between the marrow and the osseous 
tissues. Markoff (1939) describes a fam- 
ily with five cases, all females, in three 
generations (Fig. 241). Marrow hyper- 
plasia is the primary change. This dis- 
turbs the relation between marrow and 
Osteomalacia follows on the basis of a constitutional defect in 
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Fig, 241. Pedigree of myelogenic 
osteopathy. (After Markoff) 


bone 
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Varicose Veins {Phlebectasis) 

That heredity is a factor in the causation of phlebectasis or varicose 
(dilated) veins has long been recognized, but few cases have been 
examined from this point of view. Weber (1918) recognized so-called 
congenital varicose veins and congenital phlebarteriectasis and refers 
to various cases. In congenital phlebarteriectasis one extremity is 
longer than its mate. Probably both these conditions, as well as 
hemangiectatic hypertrophy of limbs, are inherited. Ottley (1934) 
studied the family incidence in fifty cases under treatment. Of these, 
fourteen knew of no other case in the family. In twenty-six families, 
however, the Inheritance was that of a simple dominant, sometimes 
skipping a generation. The inherited condition is a weakness of the 
veins. One pedigree shows 14 cases (8 c? 6 9 ) in four generations. In 
certain families the inheritance might be recessive, but it is more 
probable that they were cases of irregular dominance. 

Curtius (1928a) investigated some 1200 cases and recognized its dominant 
inheritance. The varicosis was regarded as a partial effect of general mesen- 
chyme weakness, and statistical correlations indicated a general relation 
between varicosis and hernia. Curtius (1928b) examined nearly 4000 per- 
sons and concluded that leg varicosis is a simple dominant. He gives several 
pedigrees, the largest having 19 cases (86^ ii 9 ) in four generations. When 
both parents are affected (two cases) all the eight children were affected. 
There is no case of skipping. In family II were 5 cases (36^ 2 9 ) in four 
generations and family III showed 10 cases (7c? 39) in four generations. 
Troisier and Le Bayon (1937) describe the inheritance of spontaneous 
phlebectasia, with p^igrees of 154 families (514 children). They find it a 
simple recessive, with 2c?:3 9 affected, and sex-linked in half the cases. 
The varicose veins appear during adolescence. When both parents were 
affected all the children were affected. There was no relation to eye color 
or hair color. 
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The inheritance of a serious tendency to the breaking of blood vessels, 
especially in the cavum nasi, is known in horses (Robertson, 1913). In the 
English thoroughbred racehorse there is a recessive gene which produces this 
result when present in the homozygous condition. The blood-coagulation 
is normal, but the blood-vessel walls must be fragile. The earliest known 
homozygous bleeder (not hemophilic) is the stallion Herod, born in 1748. 
The next famous racehorse “bleeder” was Hermit, who won the Derby in 
1867, and was descended on both sides from Herod. Similarly Gallinule, 
born in 1884, was descended from Hermit. These all left numerous progeny. 
Humorist, who won the Derby in 1921 , died seventeen days later from bleed- 
ing. Robertson found in the records 185 horses who were “bleeders,” and 
17 died from it. The recessive gene which is responsible for this condition 
must be widespread in racehorse stock, and must be considered as a semi- 

lethal in the homozygous state. 

« 

Thrombangiitis obliterans 

This is a condition of gangrene, usually in the leg, following inflam- 
mation and clot formation in an artery or vein. It is also known as 
Buerger's disease, as he described it in 1908. There is seldom more than 
one case in a family, but a few families with several cases have been 
recorded. It is nearly always confined to the male sex, is associated 
with excessive cigarette smoking and has a predilection for Russian 
and Polish Jews. Toxins, nicotinism and ergotism have been ascribed 
as causes, also endocrine derangements and even cold. There appears 
to be a constitutional weakness of the endothelium of the arteries and 
veins, with greater viscosity of the blood. Averbuck and Silbert (1934) 
classify the cases of forty-seven patients who died following amputation 
for gangrene or from thromboses in the arteries of the heart, brain or 
intestines. It has been called endophlebitis and gangrene of the feet. 

M6szeiros (1931) described a Hungarian family with eight cases 
in two generations, but there is uncertainty about some of the cases, 
as four were women and no microscopic observations were made. 

Samuels (1932), in a study of five hundred cases, found only three in- 
stances of its familial occurrence: (i) Three brothers were affected, whose 
parents were born in Austria. The eldest was thirty-four and began to smoke 
at fourteen years of age. (2) Three affected brothers were Russian Jews. 
(3) Two affected brothers were born in America of Austrian parents. 

Weber and Huber (1939) present a case (Fig. 242) in which father 
and son were afflicted, the father (II. i) finally having a leg amputated 
for gangrene. His father and his son’s daughter suffered from asthma. 
The son (III. 3), whose right foot was affected, smoked ten cigarettes 
daily. The second pedigree shows thrombangiitis obliterans in the 
grandfather and Raynaud’s disease, a related condition (g.K.) in the 
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grandson. This family also had two cases of asthma, as well cis three 
of diabetes. A constitutional factor is evidently involved, but its 
nature is obscure. Much use of tobacco, and apparently other external 
factors, can release the condition. The inherited diathesis appears to 
be recessive. 



||[| = Thrombangiitis 
^ = Asthma 

Fig. 242. Family pedigree showing thrombangiitis obliterans and 
asthma. (After Weber and Huber) 

Reichert (1939) studied a family pedigree of two brothers both of whom 
had thrombangiitis obliterans, the collateral relatives having three cases 
of rheumatoid arthritis, two of rheumatic trouble, six of susceptibility to 
infection, three of mesenchymal defect, one of disease of the circulation and 
one of allergy. This accumulation of rheumatic and other diseases leads 
to the conclusion that in thrombangiitis obliterans, besides defective develop- 
ment of the connective tissue as a determining component is a susceptibility 
of the circulatory system. Thompson (1944), in an extensive study, regards 
post-phlebitic ulcers and thrombangiitis obliterans as related conditions. 
Their etiology is still obscure, but allergic sensitivity resulting from skin 
infection by certain fungal dermatophytes is regarded as an important 
factor. 

Silbert (1945) studied over 1400 cases. One hundred stopped smok- 
ing and were observed for ten years. The disease was completely 
arrested in all. He concludes that it is caused by smoking in persons 
who are constitutionally sensitive to tobacco. This disease is supposed 
to be rare in Negroes, but Yater (1937) made a pathological study of 
five cases in males believed to be of full blood. Two were excessive 
cigarette smokers and three moderate smokers. 
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Chapter XVI 


THE BLOOD GROUPS — GENETICAL AND RACIAL 

ASPECTS 


W HEN certain substances, mainly proteins, are injected into an 
animal, its tissues respond by producing an antibody. This 
substance is called an antigen. The antigen and antibody, when 
brought together in solution, combine specifically to form a physico- 
chemical union. The serum or blood-plasma of animals and man 
contains various natural antibodies, but others can be induced in 
the blood by the entrance or injection of particular substances, e.g., 
various bacteria or their products, or viruses. The body then reacts 
to produce immune antibodies in the blood, the process being one of 
immunization. ( Evidence is accfimulating (see Kass, 1945) that these 
antibodies are produced within uie lymphocytes, from 7-globulins. 

When sera (blood minus the corpuscles) from different species of 
animals are mixed, a precipitate is formed by union between an .anti- 
body and an antigen. The amount and character of this precipitin 
reaction has been widely used as a measure of the near or remote 
relationship of the species or the groups to which they belong. Con- 
sistent results have been obtained by Nuttall (1904), who introduced 
the method in animals, by Mez and others in plants (see full review 
by Chester, 1937) and more recently by Boyden (-1934, 1937) and 
others in animals. These methods are a valuable aid to morphology 
in . reconstructing the phylogenetic trees of the plant and animal 
systems. Wolfe (1939) injected very small quantities of serum proteins 
from mammals, birds and' reptiles into rabbits.* The antisera so pro- 
duced^ were used in determining relationships. It has recently been 
found that strains of certain ciliate Protozoa differ not only biochemi" 
cally in the battery pf enzymes they possess, but also in the ant^ens 
shown to be present by the use of rabbit serum (see Kidder al., 1945). 

Other reactions of similar general character are those in which a cellular 
antigen unites with an antibody to produce cytolysis of the cell or haemolysis 
(laking) of the red corpuscles. Thomsen (1934) suggests that the same sub> 
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stances (agglutinins) which, by union with receptors on the red cells, pro- 
duce clumping when in greater dilution, also cause haemolysis when present 
in greater concentration. If this is so, the difference between lysins and 
agglutinins is a matter of concentration only. 

A type of serological reaction related to the precipitins is that in 
which bacterial cells or red blood corpuscles containing an antigen 
may react with an antibody by adhering to form clumps. This is an 
agglutination reaction. The agglutination of red cells is known as 
hemagglutination. When it takes place between different members 
of the same species it is known as isohemagglutination. The antigen 
in the red corpuscles is called an agglutinogen, the antibody in the 
serum being an agglutinin. These differences in human blood are 
the basis of what are now known as the blood groups. Similar serological 
differences have been found within many animal species. , 

In 1900, Landsteiner discovered- that the serum of certain human 
beings has the capacity to cause clumping of the red corpuscles of 
other normal human bloods. Such bloods are said to contain isohemag- 
glutinogens in the red cells and isohemagglutinins in their serum. These 
differences are of the utmost importance in connection with blood 
transfusion, since they cause agglutination or clumping of the red 
cells, with severe or fatal results, when the bloods from certain indi- 
viduals are used. The nature of the clumping process itself will be 
discussed later. The presence and absence of particular agglutinogens 
are inherited as simple Mendelian units, and the frequency with which 
they occur varies from one human population to another. The A blood 
group was thus traced through several generations in a family of British 
Columbia Indians of mixed descent (Gates and Darby, 1934). The 
extensive serological, genetical and anthropological literature of the 
subject has been summarized in many books, of which may be men- 
tioned Hirszfeld (1928), vSnyder (1929), Steffan (1932), Lattes (1932), 
Boyd (1939) and Wiener (1943). The facts 'can be obtained from 
Wiener, and a list of racial blood-grouping results up to 1939 from 
Boyd. 

Dr. Richard Lower is credited with having performed the first successful 
blood transfusion in 1665 (see Hollingsworth, 1928), letting out a dog’s own 
blood and letting into its veins the blood from an artery of another dog. 
The first animal showed no ill effects. There is a record that Jean Baptiste 
Denys performed the experiment in France in 1667 of injecting eight ounces 
of calf’s blood into a madman, who survived. Pepys in his Diary refers to 
the experiments — the replacement of a dog’s own blood by that of another 
dog — at Gresham College in 1666; and in the following year of a “frantic” 
man who had “some of the blood of a sheep let into his body” without any 
ill effects. Lower quickly acquired fame by these exf^Eyjients, which were 
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taken up in other countries, especially France. At the instance of Robert 
Boyle, an account of his methods and results was published m Phil. Trans., 
vols. i-iii, pp. 353-358. 

After the early transfusion experiments of the seventeenth century, 
it was quickly found that they were not always successful, and in 
1668 they were forbidden in France, In 1818 Blundell revived interest 
in the subject by experiments on dogs, followed by methods of inter- 
human transfusion, but progress was slow, fatalities were frequent 
and only about half the cases were successful. The first systematic 
investigation of the effects of mixing bloods was made by Landois in 
1875. Finally, in 1900, Landsteiner discovered that the serum from 
certain individuals would agglutinate or . clump the red corpuscles of 
certain others. The frequent previous fatalities were thus accounted 
for as due to incompatibility of the bloods; but this knowledge lay 
practically unused until the war of 1914-18 necessitated safe trans- 
fusions on a large scale. 

It was soon found that there were two independent substances 
(agglutinogens), named by Landsteiner A and B, either of which might 
produce agglutination. Landsteiner at first (1901) divided human 
bloods into three groups. Dccastello and Sturli (1902) recognized the 
fourth (AB) group, and Jansky (1907) and Moss (1910) made their 
classifications into four — now called 0 , A, B, AB — depending on 
the presence or absence of two agglutinogens. These specific bodies 
in the red corpuscles are acted upon by agglutinins in the serum. The 
blood serum contains the alternative agglutinins, called a and ^ (fcy 
von Dungern and Hirszfeld. 

If the A agglutinogen and the a agglutinin coexisted in the same 
individual, his corpuscles would be clumped. Similarly B and |8 always 
occur in separate individuals. The serum or anti-B) of an A indi- 
vidual clumps the red cells of a B individual and the serum (a or 
anti-A) of B clumps the red cells of A. In a person of blood group A 
the a agglutinin is probably absorbed by the red cells cis fast as it is 
produced, and similarly for (8. In transfusion, fatal effects occur 
Visually only when the corpuscles of the donor are clumped by the 
plasma of the recipient. It is recognized, however (Owen, 1928), that 
the plasma of the donor, if it is of high titre (strength in agglutinin), 
may have a serious effect in clumping the corpuscles of the recipient. 
This will also depend partly on the amount of blood transfused. 

The tests for the A and B blood groups are made by mixing a drop of each 
serum with a smaller drop of the blood to be tested, on a glass slide. If there 
is clumping with the a or anti-A serum from a B individual, then the bloods 
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been clumped and then removed from the serum, it is found to be 
incapable of clumping fresh cells of the same group. The serum from 
an O person, containing the a and jS agglutinins, can be used to clump 
the washed red cells from an A individual and can then be shown still 
to contain the agglutinin which clumps B erythrocytes. 

Ashby in 1919 devised a method to determine the rate of survival of the 
red cells after transfusion. The normal average life of the red cells is now 
found to be 120 days, and if the loss is more rapid anaemia may result, but 
it has been found that transfused blood can survive as much as 80-120 days. 
If group O blood is given to an A patient, some of his blood can afterward 
be withdrawn at intervals and mixed with B serum. The A red cells will 
thus be agglutinated by the anti-B serum. The O cells will not be clumped, 
as they contain no agglutinogen, and so their relative numbers can be 
counted. 

Various facts indicate that the primary effect of the A or B gene is in 
producing the agglutinogen which is present in or on the red cells. The 
presence of agglutinogens has been demonstrated in the foetus as early as 
the fourth mpnth^ of gestation (Roller, 1927) although the reactions are 
not so strong as after birth. In India, where group B is present in a high 
proportion of the population, Macfarlane (1940) found that B babies were 
nearer adult strength in agglutinogen than group A babies at birth. The 
agglutinins are generally of lower titre than in Western peoples, and she 
found that only 33.3 per cent of babies at a hospital in Calcutta had any 
agglutinin at birth. There appears to be some mechanism which usually 
suppresses the production of a baby's agglutinin when it would be incom- 
patible with the red cells of the mother. Only 7 babies with agglutinins 
incompatible with the red cells of the mother were found among 234. This 
will be referred to again in connection with the Rh blood group. The average 
weights of full term heterospecific and homospecific infants at birth was 
found to be the same, and no relation was found with miscarriage, eclampsia 
or with digestive disorders of the infant. 

/ The agglutinins are usually absent at birth but may become established 
at any time in the first two years.-^ The agglutinins in the umbilical cord and 
in the child’s blood at birth (Smith, 1928) are derived from the mother 
through the placenta and disappear within about ten days. Roller and 
Meier (1928) found that the serum of the baby agglutinated the blood of 
the mother in only about one- third of the cases where agglutination would 
be expected from the agglutinogens present. Of eighty heterospecific 
pregnancies, 12.5 per cent showed the presence in the child of an agglutinin 
which was not inherited and must have come in from the mother. Hyman- 
Parker (1942) showed that, like the AB blood groups, the agglutinogens for 
the M and N types were already present in the seven-months foetus while 
the agglutinins were established in infants seven months old. In an earlier 
study (Hyman, 1937) it was found that the A and B and, with one exception, 
the M and N agglutinogens were present in the third month of prenatal 
life. 


' They have since been detected as early as the thirty-seventh day. 
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Biihler (1935) finds evidence of the inheritance of the litre of the 
isoagglutinins. He believes that the titre reaches a maximum at five 
to ten years of age, then slowly decreasing until they vanish at ninety 
years. From this and other evidence, the agglutinins can be regarded 
as a reactive product of the tissues, secondary to the agglutinogens. 
Biihler examined the titre of twenty-two pairs of MZ and eighteen 
pairs of DZ twins. The MZ pairs were all concordant but one, while 
thirteen of the DZ pairs were discordant. Hence it app^rs that the 
strength of the agglutinins is genetically determined, (^ahr (1941) 
obtained confirmatory results with 143 pairs of twins. By testing 
several hundred individuals, Thalhimer and Myron (1942) find that 
the titre of type A serum ranges from i : 7 to i : 448 and that of B 
serum from i : 28 to i : 3584. Thomsen (1930) first expressed the 
view that the A and B genes are pleiotropic in their effects, producing 
both the agglutinogen in the corpuscles and the agglutinin in the 
serum.--" 

» 

There is also evidence (Schafer and Gennerich, 1939) that the throm- 
bocytes possess group specific properties, although they are so weak that 
they only show an effect under special conditions in the plasma and do not 
cause agglutination of the platelets, - 

Eipstein and Ottenberg (1908) first suggested that the blood groups 
w^e inherited as Mendelian units. Von Dungern and Hirszfeld (1910) 
tested 348 persons in 72 families and showed Mendelian inheritance 
of the A and B isohaemagglutinogens, each being dominant to O, 
the double recessive.* They support! there were two independent 
pairs of factors, AO and BO, in different chromosome pairs. Much 
work was based on this view (e.g., Learmonth, 1920; Ottenberg, 1923), 
although certain results did not conform. The main difficulty was 
that in unions between O and AB parents, only children of A or B 
blood groups were generally found, whereas O and AB would also be 
expected on a two-factor theory. Such families were few, however, be- 
cau^ the percentage of AB individuals is low in nearly all populations. 

Then Bernstein (1924, 1925, 1930) from a statistical study of the 
group percentages as reported in various peoples, showed that the 
proportions of the four groups in a population are not in accord with 
expectation on the hypothesis of two independent pairs of factors. 
He concluded that A, B and 0 must be multiple allelomorphs, occupy- 
ing the same locus in one pair of chromosomes. On this hypothesis 
an AB individual would have the gene A on one chromosome and B 

2 Thomsen found that B is partly dominant over A, since in AB individuals the A reaction 
is weaker. 
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in the corresponding locus of its mate. O X AB could then give only 
AO or BO children. He found that in 310 families comprising 1350 
individuals *the multiple allele hypothesis was only contradicted by 
the recorded condition of il persons in 6 families. Bernstein’s con- 
clusion based on statistics was supported by Snyder (1926) from a 
study of 200 families in North Carolina. Five O X AB marriages 
gave- 16 children in group A and 13 in group B but none in AB or O. 
Similarly, Thomsen (1930) recorded that from 16 marriages AB X O, 
50 children were A and 60 B, but none AB or O. Boyd (1939) records 
from the literature a total of 483 such families with 1216 children, 
598 A and 544 B. The 40 O and 34 AB children recorded can be 
explained through faults of technique or illegitimacy. They are nearly 
all from earlier papers when methods were less carefully controlled. 

In the large number of families tested by many workers a small 
number of O and AB children from O X AB were recorded, and Bauer 
(1928) proposed a two-factor theory with 11.4 per cent of crossing- 
over to account for them. This theory soon met with difficulties on 
the statistical side and it is now recognized that such exceptions are 
due either to errors in the technique of testing^r to illegitimacy ;*the 
triple allele theory is now universally accepted. Furuhata (1927, 
1928) put forward a theory similar to Bernstein’s but assuming separate 
genes for the agglutinins as well as the agglutinogens, the linkage being 
so close that there is no crossing'-over. We have already seen that 
the assumption of separate genes for the agglutinins appears to be 
unnecessary. 

We may therefore regard the theory of three multiple alleles, as 
established. Much evidence goes to show that dominance of A and 
B to O is complete. An individual homozygous for A shows no stronger 
clurtiping than one who is heterozygous (AO), and similarly for B. 
The AA and AO individuals can only be distinguished by the blood 
groups of their children. Dahr (1938) claims, however, that AA and 
AO can be serologically distinguished by their strength of agglutina- 

® Myslivec (1945) has recently raised the question of linkage again in another form. He 
finds the exceptions rare in matings A X A and B X B, but much more frequent when one 
parent is O or AB. The exceptions apparently are too many to arise as mutations, even 
though some are due to errors of technique or to illegitimacy. An excess of errors from such 
matings 4 s A X AB or 0 X AB might be due to the fact that children of three or four groups 
can be expected, so there is little possibility of checking the result by exp>ectation according 
to theory. Myslivec makes the assumption that there is a position effect, which is of such 
nature that the genes A and B neutralize each other when in the same chromosome, thus 
giving the blood group O test instead of AB. His statistics lead to a cross-over value about 
half that assumed by Bauer. He talks of combining the two theories of linkage and crossing- 
over, but from a genetical point of view the three genes must be either alleles or closely 
linked. They.,cannot be both. No final decision is possible on this point without further 
investigatioi^/ 
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tion, i.e., that dominance is incomplete after all(_Siinilarly, Fabricius- 
Hansen (1939) fin^in Eskimos that the N agglutination is weaker in 
MN than in NN persons. 

If O was the original serological condition in man, then it would 
appear that A and B must have been derived from it by dominant 
mutations. This view, expressed by Snyder (1925), and since accepted 
by many workers, is not without difficulties, as will be seen later. 
Bernstein treated O as a separate gene and used p, q, r as the respective 
frequencies of A, B and O in the population; then p + q + r = i, 
and the probabilities for the frequencies of the six genotypes will be 

00 AO AA BO BB AB 
2 pr p^ 2 qr q^ 2 pq 

The probabilities for the four groups are then 

Group O = RR BO + BB AO + AA AB 
Probability r® 2 gr + g* 2 pr p^ 2 pq 

From which O + A = *, O + B = (r + g)^ r =Vo and 

l=p + q + r— i — VB + 0+1 — VA + O +\^, where, for 
example, B is the number of persons of B blood group. Since /> + ? + 
r = I, except for chance deviation, then the difference (D) actually 
found, divided by its standard deviation (<r) should not exceed 2. If 

— is > 2 the result is due to errors of technique or lack of homogeneity 

in the populat ion. The gen e freque ncies are obtained from the values 

/> = Vo + A — Vo, g = Vo + B — Vo, r = Vo . 

Myslivec (1944) shows that Bernstein’s deviation from /> + g + r = i 
is not a reliable criterion of homogeneity of population. If the difference 
is significant the population is not homogeneous, but the converse is not 
necessarily true. The sum of the frequencies of O and AB is remarkably 
stable in the Japanese and Hungarian populations tested. There was no 
assdeiation between the frequency of O and A, but B and AB are both 
negatively correlated with the frequency of O. Myslivec found a high corre- 
lation between Bernstein’s difference and the frequency of AB, and suggests 
that the correlation coefficient of these values could be used as a criterion 
of homogeneity of population. 

To check the accuracy of grouping, Fisher (in Hart, 1944) suggests the 
test, AB =[V0 + A +V0 + B -Vo]^ - (0 + A + B), the excess or 
deficiency of AB being evaluated by means of the standard error. Fisher 

and Taylor (1940) suggest - . ■ as an index for comparing European 

A “7" t J 

populations having little B. 
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The nine possible combinations of the genes are represented by 
(/> + $ + r)* and are shown below in checkerboard form with their 
frequencies. 



Matta (1937) made blood-grouping tests of 400 in Glasgow and 516 
Egyptians in families and developed a theory based on the presence of four 
genes (e.g., AAAA or AAAB) for each blood group. Pauwen and Moureau 
(1939) show that this view is untenable. 

That the blood of some A individuals clumps less strongly than that 
of others has long been known. Landsteiner and Witt (1926) recog- 
nized that the isoagglutinins in group A could be separated into two 
qualitatively different subgroups. Thomsen (1930), with Friedenreich 
and Worsaae (1930), divided A into two subgroups on this basis, Ai 
and A2, each of which can be combined with B. The two latter investi- 
gators tested the absorbing power of the red cells in one hundred A’s 
and showed by their absorption curves that they fell into two classes 
corresponding to those of Landsteiner. Wiener and Rothberg (1933) 
made a study of 89 families with 440 children and found the four 
alleles Ai, A2, B and O inherited in accord with expectation. More 
recently, evidence has been obtained of a still weaker agglutinogen. 
As (Friedenreich, 1936), which is very rare. This is very much weaker 
even than A2 and might easily pass for an O. Taylor and his colleagues 
found one or two probable cases in England. Friedenreich (1938) 
found in Denmark only six As persons among five thousand. He tested 
seven families with three hundred persons in which it was inherited 
as dominant to O but recessive to A2 and Ai. One such pedigree is 
given in Fig. 243. In one of these families the As differed in certain 
points from the others in its reactions to anti-A agglutinins, indicating 
that it was probably a separate mutation. The A thus appears to be , 
a relatively unstable gene, giving rise to a series of subgroups. The 
dominance relations are Ai > A2 > As > O. In rare families, espe^ 
cially in negroes, a condition is found which probably represents another 
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gene intermediate between Ai and A2, written A12. Gammelgaard eind 
Marcussen (1940) report a still rarer and weaker A4. , - 
Sachs (1943) found two sisters who were A3 or perhaps even weaker 
(A4). Another sister was Ai, the father O, the mother Ai (evidently 
heterozygous for A3). Young and Witebsky (1945) record a man who 
was A3B, his sister A2. Their father was B, the mother and her three 
sibs were all A2B. This must be a mutation from A2 to A3, unless the 
paternity was misstated, which is very improbable, as the father would 
have to be a (very rare) Aa. 



□ = o 


Fig. 243. Inheritance of As blood groups (After Friedenreich) 

Wiener and Silverman (1941) found Ag in a colored woman and her child. 
In addition to the expected isoagglutinin jS, an irregular isoagglutinin a\ was 
present. They agree with Friedenreich that A3 probably involves a qualita- 
tive chemical difference, and with Bernstein that all human beings produce 
a and jS, but the incompatible isoagglutinins are ab^rbed as fast as formed. 
The very weak absorption by A3 agglut(nogen would thus account for the 
presence of a\ in the serum. )' 

Generally Ai and A2 blood can be used interchangeably, but in rare in- 
stances (Young, 1945) incompatibility can be acquired after repeated trans- 
fusions. In five cases patients have thus developed ai or a% agglutinins. 
The ai normally agglutinates red cells containing Ai but not those contmning 
h% agglutinogen, while « reacts with both A; and A?, and 01% with A^^N 
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Hirszfeld and Kostuch (1938) have suggested that B €an be divided 
into a similar series, but there is little evidence in support of this at 
present, although Matta (1937) and Furuhata have distinguished Bi 
and B2, but the differences are much less pronounced. The various 
genetic types now known and their frequencies in a population can be 
grouped together as in Table 21. The rare A3 could be combined with 
each of these, giving a total of eight phenotypes and fifteen genotypes. 

TABLE 21 

BLOOD-GROUP CLASSES 


Phenotypes 

Genotypes 

Frequencies 

0 

00 

r* 

Ai 

AjAi 4 " A1A2 4 ’ AiO 

pi* 4 2 pip2 4 2 pir 

A2 

A2A2 4 ^ A2O 

P2* 4 2 p2r 


BB 4 - BO 

q* 4 2 qr 

AiB 

A.B 

2 Piq 

A2B 

A2B 

2 p2q 


That the O blood group is merely the absence of A and B has often 
been doubted, seeing that O blood contains the a and ^ agglutinins. 
Hirszfeld and Kostuch (1938) regard the A and B series as two different 
lines of mutation from O, the presence of 0 -receptors in A and B blood 
being due to sthese mutations being incomplete. This 0 -remainder 
(the a and 0 agglutinins) would then hinder the origin of anti-0, and 
O would consist in a lack of the isoantibody anti- 0 . The different 
blood groups would then contain different amounts of 0-substance, 
which develops in the order O > A2 > B > Ai, the dominance rela- 
tions being Ai 5 B > A2^ > O. Since is dominant, to A2, an indi- 
vidual of blood group Ai may belong to the genotype A1A2. An A1A2 
person produces only the Ai agglutinogen. . 

It has long been known that if red corpuscles of one species of mammal 
are injected into another, e.g., horse bldod into rabbit, the latter responds 
by forming in its serum an antibody to the red cells of the horse. Forssman 
in 1911 discovered that when rabbits are immunized by injections from 
certain organs of the guinea pig they produce antibodies against the red 
cells of the sheep. Intensive further work showed the widespread occurrence 
of this Forssman or F antigen in various species of mammals as well as 
various birds, fishes, invertebrates and even in plants and bacteria. It is 
universally present in sheep. It is present in man also, but as a component 
of the A antigen. A component of the B antigen (which Friedenreich, 1938, 
calls G) is similarly found in all rabbits, in guinea pigs and in the Old World ' 
but not the New World monkeys. Many more group-characters exist. 
These antigens are thus a species-character in one species and a group- 
character in another. F and G are moreover, as shown in Fig. 244, confined" 
to certain tissues. In the diagram, circles (row II) represent the red cor- 
puscles and triangles (row III) represent the glands of one of the species 
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pig, sheep, rabiwii^ guinea pig or man. Thu^ F is found only in the red cells 
of the sheep, while in the guinea pig F is absent from the red cells and 
present in the glands, but G is present in the red cells and absent from the 
glands. The FG of the guinea pig is thus somewhat like the AB of man, but 
the two antigens are confined to different tissues. Various other relation- 
ships can be seen from Fig. 244. Thus the pig and the human group O have 
neither F nor G in red cells or glands. Row IV indicates that the red cells 



^ JL. ^ III Glands 

O % IV 

Fig. 244. Forssman antigen in various animals and man. 

(After Friedenreich) 

of some pigs are O, while in others they contain an antigen which is not the 
true F but another A component. Similarly, Witebsky showed that when 
human A red cells are injected into some rabbits they produce an anti-A 
serum, while others do not. The non-reactors are those which contain 
already an A-like substance in their organs and consequently cannot produce 
anti-A. 

\/It is now well recognized that an A person generally contains the 
A agglutinogen not only in his red cells, but that the same test can 
be obtained from his body fluids, e.g., saliva, tears, sweat, urine, semen, 
bile. It is also plentiful In such organs as pancreas, kidney, adrenals, 
liver and rpuscle, and can be found in the brain and the fat of an A 
individual^ Furuhata states that a Japanese was convicted by “group- 
ing” the saliva on a cigar butt which he had thrown away. The A 
agglutinogen Is thus to be found in organs throughout the body, 
probably in every cell and fluid. This applies equally to the B. The 
agglutinins similarly occur not only in the blood plasma but also in 
low titre in the lymph and milk, etc. 

■ Schiff ^d Sasaki (1932) found by testing the saliva that ca. 15 per 
cent of Europeans are “non-secretors” in which the reaction is con- 
fined to the red cells. The mechanism of this condition is obscure, 
but it is inherited as a single gene difference, the secretor condition 
being dominant to the non-secretor. Non-secretion applies equally 
to persons of the A or B group. Persons belonging to group O were 
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tested by adding saliva to anti-O serum, but as thft -Cechnique was 
difficult lit ^as simply assumed that non-secretors were equally, fre- 
quent among O persons. While there is no water-soluble A or B 
present in the saliva of non-secretors, yet these substances cem be 
extracted by alcohol, and the group specificity of the organs can be 
shown by absorption experiments. Thus non-secretors contain the 
alcohol-soluble but; not the water-soluble form of the group-specific A 
or B substance. 

The inheritance of the secretor gene is independent of the AB blood 
groufis and it must therefore be in another chromosome. ^The secretor 
gene is probably necessary for synthesis of the group substance by 
the gland cells, but apparently in no case are the human corpuscles O 
and the glands A or B. Brahn and Schiff found that some horses 
have the A substance in their saliva while others do not, but Frieden- 
reich found that it could be present in the saliva and absent from the 
corpuscles of horses. Schiff (1940) found 78 per cent of secretors in 
the population of Berlin and 82.4 per cent in New York, but only 
61 per cent among Negroes. Dahr (1941) shows that the secreting 
factor (saliva) is concordant in twins. 

Wiener and Kosofsky (1941) made comparative quantitative tests of 
Ai and As saliva and Ai and As blood. They found that these differences 
do not correspond, indicating that the A substance in saliva differs from 
that in blood. The difference between the group-substances in Ai and As 
saliva appears to be very small compared with that which exists between 
the Ai and As agglutinogens in blood. Ai and As persons were shown defi- 
nitely to have separate isoagglutinins a and ai, but anti-A immune rabbit 
serum was found to contain only one alpha antibody, which reacts more 
intensely with Ai than with As blood. In the saliva of Ai and As persons, 
on the contrary, only slight differences were detected, and in one case the 
saliva of an A3 could not be distinguished from that of Ai or As. The group- 
substance in the saliva remained relatively constant, however, for each 
individual. The blood of persons belonging to group B was found to be 
equally strong in the group-substance, whether they were secretors or non- 
secretors, and (unlike A) the saliva of different group-B secretors was 
relatively constant in quantitative strength. 

The A and B agglutinogens are both found to be carbohydrate-like 
substances. They have been isolated from human saliva and gastric 
juice. Schiff (1931) obtained from human sera a substance which on 
hydrolysis yielded a carbohydrate, and Brahn, Schiff and Weinmann 
(1932) isolated an A substance in very active form which on further 
hydrolysis showed the presence of much pentose. Witebsky and 
Klendshoj (1941) isolated both the A and B polysaccharides and found 
certain quantitative differences between them. A few milligrams of 
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the A and B substances in lo cc. of saline solution added to 5QO cc. 
of O blood neutralized the isoantibodies. This blood could then, be 
used for transfusion without any grouping. Until these substances 
are available in quantities, however, this method of removing the 
agglutinins from blood could not be used on a large scale. The A sub- 
stance has been prepared, however, from peptone, pepsin and mucin. ^ 
Witebsky, Klendshoj and Swanson (1941) found the A and B carbo- 
hydrates similar to those isolated from Pneumococci and other^micro- 
organisms, but the latter did not stimulate the formation of antibodies 
when injected into rabbits. Human B-urine is found to contain less 
than 1/500 as much group substance as B-saliva. In gastric juice 
it appears to be still more concentrated than in saliva. Boyd and 
Warshaver (1945) find four cases in which injection of human group B 
red cells into rabbits produced anti-A as well as anti-B antibodies. In 
two cases anti-A, some anti- 0 , and anti-B precipitins as well as 
agglutinins were demonstrated. They confirnv that the A and B 
antigens (like the agglutinogens) are chemically rather similar, but 
this does not appear to be evidence against the mutational origin of 
the subgroups. 

Witebsky and Klendshoj (1941b) found that the carbohydrate fraction 
from the gastric juice of a non-secretor of group B lacks any inhibitory 
potency to any of the three sera. On the other hand, a carbohydrate sub- 
stance was isolated from the gastric juice of group 0 persons, which is 
potent in dilutions up to i in several hundred thousand. Absorbed normal 
beef serum was used, which inhibits the agglutination of the red cells of 
group O. There are then three carbohydrate-like substances corresponding 
to the A, B and O groups. This supports the view that O is not merely the 
absence of A and B, but that a specific substance is present. This is further 
supported by the fact that anti-Q agglutinins are present in the sera from 
dogs, cats, guinea pigs, cows and fowls after they have been absorbed with 
AB human red cells, so that the anti-A and anti-B agglutinins are removed. 
Landsteiner and Harte (1940) found that the A substance from pig stomaich 
is a polysaccharide-amino-acid complex, and others have obtained th^saine 
substance from other sources. Morgan (1943) shows that this substance 
combined with the conjugated protein from Bad, shigae forms an artificial 
antigen. Injected into a rabbit, it induces an extremely potent immune- 
body which clumps human A cells, but not B or O. This line of experimenta- 
tion has been carried further by Morgan and Watkins (1944). The agglu- 
tinins are euglobuHns. 

We have seen that an antigenic substance which is universal in one species 
may be confined to certain groups in another, or the substance may be 
present in certain organs in one species and different organs or tissues in 
another; the Forssman antigen being widespread. Oliver-Gonzdlez and 

^ Morgan and van Heymingen (1944) find quantities of the A, B and 0 substances (but 
no Rh) in pseudo-mucinous ovarian cysts, 
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Torregrosa (1944) find that the polysaccharide fractions isolated from 
various parasitic helminths inhibited the a and jS agglutinins of human serum 
and the Forssman hemolysin from rabbit serum. They point out that 
pcirasites containing the Forssma}i antigen may account for the presence or 
increase in the agglutinins. The polysaccharide in these helminths is an 
antigenic substance common to the ABO isoagglutinins and the Forssman 
hemolysin. They also found a high titre of agglutinins in the serum of 
several malaria patients of groups O and B who had had malaria several 
times. 

The war has led to various new methods of treating blood for trans- 
fusion purposes. Blood banks of stored blood have been collected 
in thousands, but this deteriorates in a few weeks. AB serum is ideal 
for this purpose because it contains no isoagglutinins, but only 3 to 
7 per cent of donors are AB and the whole blood is of little use until 
the red cells have been removed. If A and B blood are mixed, the 
red cells of A absorb the anti-A agglutinins of the B serum and vice 
versa. But A is far more common in the population than B, and O is 
more common than either. Della Vida and Dyke (1941) point out 
that human plasma or serum is valuable for shock and can be stored 
indefinitely. For some unknown reason, when A and B sera are mixed 
the titre is far below that of* the original components. This reaction 
is shown to be quantitative, depending on the titre and relative 
amounts of the a and 0 agglutinins present. They also find that a high 
agglutinogen content of the blood is accompanied by a high agglutinin 
titre. In such sera, when mixed, the absorption of the agglutinins 
takes place almost instantly, whereas if the agglutinogen content is 
low it may require several days. This wide variation makes it difficult 
to know in what proportions the A and B sera or plasmas should be 
mixed to neutralize, but generally 4 to 5 parts of A is required for i of 
B. This is partly because A2 is weak in agglutinogen. It was found that 
sera could be pooled in the proportions 4 A, i B, 2 O or i AB, 4 A, 2 B, 
2 O. If the blood groups are unknown, the blood of at least sixteen 
individuals should be pooled together, and the titre of all pools should 
be determined, to exclude those of high titre. 

There is probably no difference between blood plasma and serum for 
transfusion purposes. The plasma is removed from overage stored blood 
and used for shock. It has an excessive potassium content and after a fort- 
night's storage fibrin webs are precipitated in what is then simply diluted 
serum. Dried plasma or serum can be stored many months, the removal of 
water being done either by heat or by freezing. 

The exigencies of the war have led the Russians to utilize the blood of 
cadavers with great success for transfusion purposes. Yudin (1937) reported 
on a thousand cases even before the war begaji. 
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Many attempts have been made to show that the mean diameter 
of the red cells varies in diflferent bloo<l groups of the same race, as 
well as in different races. Friedmann and Tschkonja (1932) cite the 
various claims for racial differences, but after testing two hundred 
Russians, Armenians and Georgians they find a mean value of 7.2- 
7.8 IX in dry preparations, with no racial difference. Others have 
claimed that the Asiatic races have smaller erythrocytes, 6.8-7.3 ix, 
and the Northern races (Norwegians, Eskimos) larger, 8-8.5 The 
above authors do, however, claim that in all three racial types which 
they investigated, the O individuals have the largest (7.15 m ) and 
AB persons the smallest (6.70 /*) red cells. Although the results are 
consistent, only fifty cells were measured in each case, so the conclu- 
sions are not reliable. Pijper (1934) used a diffraction methcxl to 
measure large numbers of red cells, conclucjing that A was largest and 
B smallest. There is thus no satisfactory evidence,.,., -^ 

One of the points of interest regarding the blood groups is that they 
appear to have no selective value. For most purposes, it appears to 
make no difference whether your blood group is O, A, B or AB.(^ther 
possibilities are not, however, entirely excluded. Graves (1934, 1935)* 
has apparently made the only study of blood groups in relation to 
age of the population. He compared the blood groups of women 
college students, aged twenty-two to twenty-six years, with those of 
women sixty or more years of age. The results suggest that possibly 
the O blood group has a g;reater survival value in women than the B 
and AB. I'ests on a larger scale according to age groups would deter- 
mine whether there is such an effect, and should show whether natural 
selection is at work in relation to the blood groups.® Vorsschulte and 
Ziegler (1935) claim that the frequency of A is lower among scarlet 
fever cases than in the general population, B and AB being higher. 
They also find “complications” less frequent in persons of A blood 
group, but as only 133 scarlet fever cases were blood grouped, the 
result is merely an indication. 

Suk (1933) examined the teeth and blood groups of 700 young men, 
Czech students and soldiers. Those with bad teeth showed a higher propor- 
tion of B and AB, the frequency of A being much lower than in the general 
population. He thinks this difference significant, but points out that in 
primitive peoples the condition with perfect teeth and O blood group is the 
most common. The linkage relations of the blood groups are considered in 
Chap. IV. 

® From blood group and age records of over 10,000 persons in northern Ireland, Hart 
(1944) finds no evidence that the expectation of life is lower for one blood group than another. 
But for some unknown reason, B male donors show a difference of two years from the age 
mean of donors. 



696 


HUMAN GENETICS 


As will be seen later, racial relationships have been chiefly investi- 
gated in connection with the ABO groups. In the meantime, various 
other serological differences in human blood have been discovered 
and it is probable that many more exist. Landsteiner and Levine 
(1928a) found the M and N blood types by injecting human blood 
into rabbits. Of the sera so obtained from forty-seven rabbits, four 
were found to contain an aggfutinin for human red cells. The corre- 
sponding agglutinogen was called M, Some rabbit sera, when absorbed 
with blood of type M, were found still to clump certain specimens of 
human blood. This agglutinogen was called N. The M and N in the 
red cells of mankind differ from the A and B in that there are no 
corresponding agglutinins in the serum, so no accoijnt need be taken' 
of them in transfusions.^ A homozygous NN individual tests twice as 
strongly for N as an MN person. By testing 1190 persons, M was 
found in 81.7 per cent (scattered almost equally among the four blood 
groups), N in 76 per cent. It has been found (Taylor and Prior, 1938) 
that anti-M from pig serum gave the same results as rabbit serum, 
but these sera are difficult to make. Landsteiner and Levine (1928b) 
also studied the inheritance of JVI and N in 166 families, and Taylor 
and Prior tested 107 families and 218 other persons. The genotypes 
always correspond with the phenotypes, every person being of the 
phenotype M, N or MN. The corresponding genotypes are MM, 
NN and MN and an individual who tests only for M or N is homozy- 
gous for that factor. The M and N agglutinogens (receptors), while 
present in the red cells, have also been found in certain tumors. This pair 
of agglutinogens is inherited independently of the ABO, i.e., at a locus 
in another pair of chromosomes. As the MN pair are also universal in 
mankind, this gives another chromosome marker for linkage studies. 

Thomsen and Clausen (1931) found, by testing 580 persons in Copen- 
hagen, a frequency of MM = 30 per cent, MN = 44.6 per cent, NN = 25.5 
per cent. Hyman (1935) prepared M and N sera by injecting into rabbits 
washed human red cells of kqown donors, thus obtaining sera which con- 
tained agglutinins against the agglutinogens M and N which corresponded 
in every way with those of Landsteiner and Levine. She tested 578 persons, 
including 100 families, for the heredity of A, B, M and N, finding no excep- 
tion to the rule that they represent two independent pairs of genes. She 
also examined 20 pairs of MZ and 2 pairs of DZ twins for A, B, M and N, 
finding the MZ always in agreement. 

I The following summary of results, from Wellisch (1938), shows 
(Table 22) the independence of the ABO and MN, based on tests of 
26,358 individuals. 

® Among many thousands of human sera examined, four have, however, been foi)nd to 
contain an anti-M agglutinin (Wiener and Forer, 1941). 
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TABLE 22 

INDEPENDENCE OF ABO AND MN BLOOD TYPES 



% M 

MN 

N 

In group 0 

32.5 

46.5. 

21.0 

In group A 

32.6 

48.0 

19.4 

In group B 

31.8 

47.7 . 

20.5 

In group AB 

30.6 

50.5 

18.9 


Boyd (1939a) showed that in 5281 parents and children tested for M and 
N there were only ii discrepancies from the theory of Landsteiner and 
Levine. Since’ the MN tests will detect about one-sixth of illegitimacies, 
-this leads to the conclusion that about 12 children per 1000 were illegitimate, 
which corresponds exactly with the estimate from the ABO groups. 

Friedenreich (1935) ha§ since found a rare weak 'factor, N2, which is 
recessive to Ni but is not obscured by the presence of M. Fourteen 
members had N2 in three generations of one family. Pietrusky (1940) 
found N2 in five families and traced its inheritance in three. It is 
found (Bruynoghe, 1936) that the M and N agglutinogens can be 
detected in the saliva of M or N persons, but unlike A and B, it is 
not constantly present ia the individual. M and N may also be absent 
from the saliva of an A or B secretor, or on the contrary a non-secretor 
for AB aiay show MN in the saliva. Recently Boorman and Dodd 
(1943) have shown the presence of the M and N substances in the 
tissues and body fluids but they are relatively insoluble in water. 
Kosjakov and Tribulev (1939) found that they were not destroyed 
by boiling or by cold. Results collected by Alley and Boyd (1943) 
show that the Chinese have ca. 15 per cent of N, the Japanese ca. 
18 per cent, Amerindians only 4 to 9 per cent, Ainu ca. 32 per cent. 
N is also much higher than M in the Australian aborigines. Bodies 
resembling M have been demonstrated in the orang, gibbon and in 
rhesus monkeys, while both M and N have been found in the chim- 
panzee (Strandskov, 1944). Another agglutinable factor, P, was 
obtained (Landsteiner and Levine, 1928a) by injecting the blood of 
colored persons into rabbits. Thus the A, B, O, M, N and P genes 
in their various combinations give thirty-six varieties of human blood, 
but the P has been as yet but little used. 

, Landsteiner and Levine (1931), in a further study of P, found only four 
families (with eighteen children) among seventy-one families tested, which 
were entirely negative to P. They found evidence that P represents a group 
of factors determined by rabbit serum. Rabbits in which the anti-P agglu- 
tinin could be demonstrated were mated together and the incidence of the 
agglutinin was higher in the offspring. P is dominant to its absence, so the 
genotypes are PP, Pp and pp. Dahr (1939) obtained P-serum from Land- 
steiner and tested fifteen families with seventy children, finding the P 
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inherited from parent to children. He also tested thirty-three pairs of MZ 
twins, using a pig serum, and found them all concordant. Dahr, Offe and 
Weber (1940) tested 210 families with 748 children in Cologne, finding only 
3 exceptions, ascribed to illegitiniacy. They found P independent of both 
ABO and MN in inheritance, the frequency of P in the Cologne population 
being 76.5 per cent (2441 tested), whereas in Negroes it appears to be 97.8 
per cent (Landsteiner) and in New York whites 81.9 per cent. P has been 
little used because of the difficulty in obtaining strong sera (see Wiener, 

1943)- 

Landsteiner, Strutton.and Chase (1934) found that two rabbits, when 
injected with Negro blood having P, produced another (Hunter) immune 
serum. The corresponding agglutination factor was found to be present in 
14 out of 191 colored persons tested, but in only 2 out of 387 whites, in- 
dicating its much higher frequency in the Negro race. 

Other serological factors described (see Wellisch, 1938) include Q of 
Furuhata (QQ, QQj qq), which is closely similar to P and may prove to lie 
the same. It was found in 31 per cent of Japanese, while P is stated to be 
present in 61.6 per cent. Ee of Sugischita, demonstrated with eel serum, 
occurs in A, B and AB but not in O blood. H of Schiff also requires further 
study. Dahr (1941) has since tested P in 300 pairs of twins, including 123 
MZ pairs, in all of which it was concordantly present or absent, and 1 77 DZ 
pairs, in some of whom it was discordant. He also finds a probable difference 
in the strength of P in different families. 

In a series of papers, Taylor and his colleagues have studied the 
distribution and inheritance of the Ai, A2, B, O, M and N genes in the 
English population, confirming the Bernstein theory of inheritance 
of the ABO, as shown by application of the x* test to the statistical 
results. The main results, in comparison with others, are given in 
Tables' 24 to 26 (pp. 71 1-713). Taylor and Prior (1939b) list the results 
of fifty-five investigations of the M and N types in various races. The 
test indicates that in seven of them there was faulty technique. 
In a population with M and N in equilibrium, 25 per cent M ; 50 per 
cent MN : 25 per cent N would be expected only when m and n each 
equal .5. From all the pooled data from tests of 77i2o6 persons they 
found 30.9 per cent M : 49.4 per cent MN : 19.7 per cent N. An O con- 
dition in which M and N are both absent never occurs, so the lower fre- 
quency of N cannot be accounted for through lack of penetrance. A few 
of the percentages for different races are given in Table 26, p. 713. 
Taylor and Prior devised a mathematical test for homogeneity of popu- 
lation as regards the M and N and found that the total results were rtot 
homogeneous ; ^ there was also some evidence of heterogeneity within 
Russia, the British Isles and south Gennany, with greater diversity be- 

^ Wiener (1943) points out that in MN X MN matings the excess of MN children ob- 
served probably results from less care in typing; since children of all types can occur, there is' 
no check on the accuracy of the tests. Similarly with A X B./ 
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tween different countries. The differences are, however, generally small 
(as may be seen from Table 25), and somewhat ambiguous. M is 
greater than N in nearly every case except the Ainu and the Taiwan 
aborigines of Formosa and certain others (see below). The Taiyal 
and Taiwan of Formosa both show a large excess of MN over 50 per 
cent. This is perhaps due to lack of care in typing. In the Tueblo 
and Blackfoot Indians there is a large excess of M over N, but the 
numbers tested were small. N is, however, low in American Indians 
and still lower in Eskimos, while it is high in Ainu, Batayians, Javanese 
and Sudanese and extremely high (67.4 per cent) in Australian 
aborigines. 

Stevens (1938) developed methods for determining the gene fre- 
quencies from known frequencies of the phenotypes MN, ABO and 
A1A2BO and for testing the heterogeneity in different populations. 
It will be seen that the Hawaiians and the Blackfoot-Blood Indians 
are very much alike, both having 60 to 80 per cent A and the A’s prac- 
tically all Ai. The Australian aborigines have 60 per cent A, like the 
Hawaiians, and they too have only Ai (see Table 24, p. 712), About 
20 per cent of the A in Europeans is A2 and it appears that this is a 
secondary mutation from the original stronger Ai. A2 seems to be' 
highest (67 per cent) in Negroes. Levine and Wong (1943) find only 
3 per cent in 150 Chinese. Waller and Levine (1944) find in Japanese, 
50 Ai : 10 A2. 

A 

Values for in other races are given in Boyd (1939a). The rela- 

Ai 

tively high frequency of A2 in North Wales, Ireland, Basques and 
Negroes, and its very low frequency or absence in Indians, Eskimos 
and Hawaiians, strongly suggests that various races have different 
mutation rates for A2. 

Dahr and Bussmann (1938) studied the inheritance of Ai and A2 
in 106 families with 450 children in Cologne. Two exceptions to 
expectation were found. In one the father was AiBN, the mother 
A2M. Five children were all AiMN but the last child was AiBMN. 
These results were confirmed by various repeated serological tests. 
Since B and N W;ere from the father, illegitimacy may be excluded, 
and possible exchange of babies was excluded as birth took place at 
home in the. country. The only explanation is that the A2 of the mother 
changed to the stronger Ai. If the child had not happened to have B 
likp the father, the occurrence of this submutation could not have been 
detected. In the other case the father was OMN, the mother A2M, 
the children A2MN, OMN, AiMN, A2M, OMN, A2M. The third child 
represents again an apparent change of A2 to Ai, although in this case 



700 


HUMAN GENETICS 


illegitimacy is not excluded. Dahr thinks the strength of the clumping 
indicates that the child is AA, not AO, and suggests illegitimacy ias 
a possible explanation. Some twenty other similar cases in the rela- 
tively small number of A1-A2 tests made in families, can be explained 
on the same basis. Dahr (1941) tested 133 pairs of MZ and 197 pairs 
of DZ twins, finding the former all concordant as regards Ai, A2, B, 
O, M and N. 

The genetics of the blood groups is comparable with that of the 
various forms of color-blindness. In the latter it is clear that the sub- 
groups or quantitative differences are relatively labile genes which 
can mutate in either direction with relative facility, whereas the main 
genes are more stable and no mutation from one to the other is known 
(see p. 142). In the same way it may be expected that while mutations 
between Ai and A2 may occur, those between A or B and O will be 
much more rare. 


Rh 

A new blood group, recently discovered (Landsteiner and Wiener, 
1940), is of special interest in several respects. An immune serum was 
obtained by injecting the blood of rhesus monkeys repeatedly into 
rabbits or guinea pigs. This serum reacted with human blood, pro- 
ducing agglutination of the red cells independently of AB, MN or P. 
This new factor was (1941) designated Rh. It was present in about 
85 per cent of 448 whites tested, while 15 per cent were Rh — . It 
corresponds to the agglutinin described by Levine and Stetson (1939) 
in a woman. In a larger series of 1035, tested by Levine, Vogel, Katzin 
and Burnham (1941), about 14 per cent were Rh — . Unlike the MN, 
the Rh agglutinogen can induce the formation of isoantibodies (agglu- 
tinins) in certain individuals, so it has to be taken into account in 
transfusions. It is apparently inherited independently of the AB, 
MN or P agglutinogens, and should serve as a marker for a fourth 
pair of chromosomes. Only 9 out of 113 Negroes when tested were 
Rh — , so it is probably absent in about 8 per cent of that race. In 
American Indians, Landsteiner, Wiener and Matson (1942) found only 
one Rh-negative among. 120 full-blooded Indians belonging to tribes in 
Washington State and adjacent areas, with an intermediate frequency 
in 155 of ancestry mixed with whites. This suggests that practically 
all Indians of pure blood have the Rh gene. Levine and Wong (1943) 
tested 150 Chinese in New York and found only one Rh — . This, we 
shall see, accounts for the known rarity of erythroblastosis in Chinese. 

The inherit^ce of Rh was tested in 60 white families with 237 chil- 
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dren, Rh being dominant to its absence (rh). There are then three 
genotypes, RhRh, Rhrh and rhrh. Gene and genotype frequencies 
have also been calculated. 

It has further been shown (Levine and Katzin, 1941) that the Rh 
agglutinogen is not present in the saliva or seminal fluid and is probably 
confined to the red cells. . 

More recently, Witebsky and Mohn (1945) found that there are 
secretors and non-secretors for the Rh as for the AB. About 80 per 
cent of persons are secretors, and secretion of the Rh substance into 
the amniotic fluid is independent of the secretion of the AB agglu- 
tinogens. The decidua contain the agglutinogens of the mother, the 
amniotic fluid that of the baby. 

In rare cases, transfusion of blood of the same group as the patient, 
or of O blood, has led to violent and sometimes fatal hemolytic reac- 
tions. Wiener (1941) described ten such cases and found that in seven 
of them the Rh was involved. If, for instance, the donor and recipient 
are both O, but the donor is Rh-b while the recipient is Rh — , then 
hemolysis will result. 

The greatest importance of the Rh is in connection with pregnancy. 
There is definite evidence that the human placenta is permeable to 
various antibodies (Wiener and Silverman, 1940). Hirszfeld (1928) 
at aa early date developed the conception of heterospecific pregnancy 
based on the A and B blood groups. He suggested that if A or B is 
present in the foetus but not in the mother, the maternal agglutinin 
could act on the foetal blood to produce icterus gravis. This theory 
was abandoned for lack of evidence, but has npw been revived in 
relation to the Rh.® It has also recently been shown that malaria can 
be transmitted through the placenta to the foetus. 

Macklin (1937), from a . study of fourteen reported families in which 
icte^-us gravis neonatorum or foetal hydrops (hydramnios) occurred, differ- 
ing in degree rather than in kind, showed that frequent abortions, stillbirths 
and macerated foetuses occurred to mothers who had one or more infants 
with erythroblastosis foetalis. She suggested that the condition was in- 
herited as a dominant mutation. Harrow (1938) reviewed the various the- 
ories and agreed that the familial occurrence indicated some form of heredi- 
tary transmission, although it could not be of the type suggested. 

* In two recent cases of erythroblastosis foetalis (Polayes, 1945) the mother and child were 
both Rh-f-, but the mother was O and the baby A. In McCall’s (1945) case an Rh incom- 
plete antibody was found in the mother. Levine and Gilmore (1945) bring further evidence 
that blocking or incomplete antibodies represent a condition in which the Rh-h red cells 
are specifically coated with the antibody so they cannot react to the agglutinins in anti-Rh 
sera. In further experiments, Coombs and Race (1945) find that the incomplete antibody 
to antigen D in Fisher’s notation is a protein of low molecular weight and remarkably ther- 
mostable. Further experiments show that the surface charge on the red cells is not alone 
responsible for agglutination. 
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As early as 1884 Ashby reported a family of five children, the last three 
of which died of jaundice soon after birth. The subject was reviewed by 
Diamond et al. (1932) and by Hawksley and Lightwood (1934). The latter 
reported a family in which three stillbirths were followed by three icteric 
infants who died in a few days. McFeeters (1939) cited a family in which 
three different mothers each had an anencephalic foetus with hydramnios 
(dropsy of the amnion). The respective fathers were related as father and 
two sons, so the condition appeared to be inherited through the father but is 
probably explained by the fact that they were Rh + and their wives Rh — . 
From a study of 25 women having repeated abortions and miscarriages, 
however, Hunt (1945) concludes that the Rh is not an important factor in 
their production. He finds the average incidence of abortion in women 19.3 
per cent, but others give higher figures. 

Transfusion accidents proved to be rather frequent in connection 
with pregnancy when the known blood groups' indicated no source of 
error. The serum of these women was shown by Levine, Katzin and 
Burnham (1940) to contain atypical agglutinii^s similar to anti-Rh, 
having greater activity at 37° C. than at lower temperature.^ Ill these 
cases the mother showed a high incidence of toxemia, spontaneous 
abortions and miscarriages, stillbirths and macerated foetuses. These 
are all belieyed to result from the isoimmunization of the ^mother by 
the blood of the foetus. Levine et aL (1941) made blood tests of 153 
mothers who had delivered infants with one of the three clinical forms 
of erythroblastosis foetalis, i.e., foetal hydrops (hydramnion), icterus 
gravis or anaemia of the newborn. There had frequently been previous 
miscarriages or stillbirths. Schwartz and Levine (1943) find the fre- 
quency of erythroblastosis about one in 200^deliveries. 

In 93 per cent of these cases, erythroblastosis was shown to result 
whenThe mother was rh, the father and the child Rh. The Rh agglu- 
tinogen *of the foetus then passes through the placenta and develops 
tne corresponding agglutinin in the mother's blood (isoimmunization). 
This agglutinin from the mother's circulation then hemolyzes more 
or less severely the blood of the foetus. It is estimated that erythro- 
blastosis foetalis in some form occurs once in 438 pregnancies. The 
Rh agglutinin is shown to be present in the mother’s hlood. An about 
10 per cent of cases the mother was Rh positive and some other anti- 
genic factor must then be involved. Murray (1944) tested two hundred 
antenatal mothers and found 12.5 per cent of them to be Rh — , at 
least two having already an Rh antibody^ 

The '‘inheritance" of erythroblastosi^foetalis then depends on the 
Rh factor. The mother must be rh and the father Rh. If the father 
is homozygous (RhRh), then the first child or two may be born normal 
before the mother is immunized, but all subsequent births will be 
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likely to show any condition from anaemia or icterus gravis to early 
abortion. If the father is heterozygous (Rhrh) and the births are 
sufficiently spaced for the mother to lose her isoagglutinins in the 
interval, then half the children may be expected to be normal. It has 
recently been found, however, that in some cases the mother may 
retain Rh sensitivity throughout life. An inherited isohaemagglutino- 
gen is thus shown to be the cause of many cases of anaemic, lethal and 
stillborn infants, and probably also of some cases of repeated abortion 
and miscarriage. Witebsky, Anderson and Heide (1942) have shown 
in a case of erjdhroblastosis foetalis that the mother’s milk actually 
contained an Rh antibody. These results have been confirmed by 
Langley and Stratton (1944). Levine (1945a) points out that trans- 
fusion of Rh-h blood into a female child or infant who is Rh— will 
produce permanent antibodies in her blood, so that her first child by 
an Rh-|- father will be erythroblastotic because the mother is already 
immunized. 

In some 13 per cent of all random matingg the father is Rh and the 
mother rh, but only a small percentage of such marriages develop 
erythroblastosis foetalis or similar conditions. This is apparently 
because in most cases the placenta is not permeable to these bodies 
in the sera of the mother and child. Since the same mother can produce 
these conditions repeatedly it is' suppo^d that a permeable placenta 
is determined constitutionally by the mother. When the father is 
heterozygous and there are twins, one of whom is Rh-|- and the other 
Rh — , only the former will be affected. It appears that a preppnder- 
ance of the fathers are homozygous (RhRh), the marriages of Rh^ 
men with rhrh women being ca. 5.7 per cent. Stern and Charles (1945) 
show that, disregarding a possible factor influencing placental per- 
meability, cousin marriages in which the woman is rhrh should produce 
only seven-eighths the frequency -of erythrobleistosis found in non- 
cousin marriages of rhrh worrjen. 

Cooley (1941) found 15 cases of erythroblastosis foetalis in 22,209 cases 
at St. Louis Maternity Hospital. In a total of 153 cases, 93 per cent were 
due to the above explained causes. 

Levine suggests that in the case of the A an<l B blood groups no 
such reaction occurs because these agglutinogens are generally present 
in all the tissues. In non-secretors, however, the relation is the same 
as with the Rh, which is confined to the red cells, and foetal effects 
may thus be expected when A or B is present in the foetus and not in 
the mother. Such so-called incompatible matings occur in 35 per cent 
of all random unions, but in a group of 150 cases with foetal deaths 
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the incidence of incompatible matings was as high as 54 per cent 
(Levine, 1942), Furthermore, Hirszfeld (1928) found that in matings 
A c? X O 9 the incidence of A offspring is less than in O cT X A 9 , 
presumably because of selective foetal death. A form of selection may 
then be taking place in any population, depending on its ABO 
composition. 

Boorman, Dodd and Mollison (1942) have made a report, confirming 
this work and recording further cases. They point out that, whether 
the immunizing factor be Rh, A or B in the red cells, it is necessary 
to postulate the actual entry of foetal erythrocytes into the maternal 
circulation to produce immunization. In such cases the placenta, 
contrary to generally accepted views, must be not merely permeable 
but sufficiently porous for red cells to pass at certain points. The above 
authors cite forty-eight cases of erythroblastosis, in forty-four of which 
anti-Rh agglutinin was present in the mother, although in some cases 
immune anti-A or anti-B agglutinins were also found. In four cases 
only the anti-A and anti-B were observed, confirming that these can 
produce erythroblastosis. Malone (1945) cites a case in which the 
mother, a primipara, was of blood group ORh-f, the father ARh-|-. 
The twins both died of erythroblastosis, but the father’s cells were 
agglutinated by the mother’s serum only to a titre of l in 32. 

Taylor, Race and Prior (1942) find that a titration method is frequently 
necessary to determine the presence of Rh antibodies, as the reaction may 
only occur with diluted serum. Three further papers on this subject are to 
be found in Brit. Med. J. for Sept. 4, 1943. Boorman and Dodd (1943) 
show that the Rh substance is widely distributed in the tissues but is almost 
entirely absent from the body fluids, apparently because it is almost in- 
soluble in water. They suggest that possibly the absorption of agglutinins 
crossing the placenta from the maternal to the foetal circulation is affected 
by the soluble group specific substances contained in the body fluids. 

Wiener (1942) points out that affected infants are all Rhrh, so that 
equal numbers of Rh and rh genes are lost. He computes the result 
over many generations. If Rh and rh began equal they would not 
change, but if they began unequal then the less frequent gene might 
be eliminated in some thousands of generations. This is regarded as 
evidence against the mutation theory of their origin. There is, how- 
ever, no cogent evidence that the rh gene is being eliminated by selec- 
tion. Such selective action would prevent an Rh-f- population, even 
with a very high mutation rate, from attaining as much as 15 per cent 
Rh — . I But if some past populations were nearly 100 per cent Rh — , 
then froth crosses with Rh-f- tribes, like the American Indians, a 
hybrid population could result, like that of New York, with 15 per 
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cent Rh — . This leaves us without an explanation of how some races 
came to be Rh+ and others Rh — . Haldane (1942) reached similar 
conclusions. Taking the frequencies for American whites as 36.9 per 
cent RhRh, 47.7 per cent Rhrh, and 15.4 per cent rhrh, he deduces 
that 9.36 per cent of all conceptions are of Rhrh babies by rhrh mothers. 
With selection against rh gametes, they will increase if their frequency, 
p, is more than |, and decrease if p is less than 5. If the placental 
permeability is controlled by a gene, it must obviously be much rarer 
than the rhrh condition. 

Levine (1942) found three main varieties of anti-Rh serum giving, 
in whites, 87 per cent, 85 per cent and 73 per cent respectively of 
reactions. He calls them anti-Rhi .^, anti-Rhi and anti-Rhi, the middle 
one being considered the standard. With anti-Rh2 he obtained the 
following results: 


Whites 

334 

73% Rh 4 - 

Colored 

118 

46 % Rh + 

American Indians 

69 

58% Rh 4 - 

Chinese * 

150 

93% Rh + 


Hence both Negroes and Indians are low in Rha. 

Wiener and Sonn (1943) have tested 40 families with 138 children for 
Rh and support the view that it is a simple dominant, independent of the 
ABO groups and the MN types. It is thus a marker for a fourth chro- 
mosome. 

Wiener and Landsteiner (1943), from further studies, divide the 
Rh factor into three main alleles, which they call Rhi > Rhj > rh, with 
dominance relations as indicated, the relative frequencies being Rhi 
about 48 per cent, Rh2 16 per cent, rh 36 per cent in the population. 

® Wiener, Sonn, and Yi (1944c) find in 138 Southern Chinese in New York, 1.5-5.! per 
cent Rh— according to the serum used. Waller and Levine (1944) tested 150 Japanese in 
New York and similarly found only 2 to 38.6 per cent Rh — . Pinkerton (1944) tested 611 
orientals (Chinese, Filipinos, Hawaiians, Koreans and Japanese) in Hawaii, finding only 
one Rh — . By contrast, of 499 Caucasians, 13,6 per cent were Rh — , but only 1.8 per cent 
of 164 Caucasians X Hawaiians were Rh — . Simmons, Graydon and Ouwehand (1945) 
tested 296 Indonesians from the East Indies and found all Rh-f except two from Celebes 
who might have had a white ancestor in the 17th century. By contrast, Simmons, Graydon, 
Jakobowicz and Bryce (1943) found 17.66 per cent Rh— among 3641 white Australian 
blood donors. They found possible linkage with the ABO. Simmons, Graydon and Hamilton 
(1944) tested 281 aborigines from different parts of Australia and found them all Rh-f. 
Wiener, Unger and Sonn (1945), in a further study of the distribution of the eight Rh types 
in New York whites, find striking differences from the Negroes. Khanolkar and Sanghvi 
(1945) tested 70 Hindus in Bombay, finding them all Rh-f, while one of fourteen Parsees 
and one among eleven Indian Christians were Rh— . Combined results (Wiener, 1939) for 
4092 Chinese gave 0.7 per cent Rh — , for 1379 American Indians 0.8 per cent, for 500 
Negroes 5.5 per cent. Lubinski, Benjamin and'.Strean (1945) tested 967 Jewish mothers 
and infants in Montreal, finding 8.4 per cent RJi— . 
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Wiener (1943a) and Race et al. (1943) announced further variants 
of the Rh, and it was evident that the full analysis of these subgroups 
had not yet been reached. 

Levine (1944) concludes that at least 90 per cent of cases of erythroblas- 
tosis foetalis can be attributed to Rhi, Rha and Rh', but it can also be 
produced by A, B, or Hr. He points out that the total area of the foetal 
villi is 70 sq. ft. and that there are microscopic breaks in the chorionic villi, 
probably allowing a minute quantity of foetal blood to enter the maternal 
circulation. Macklin (1944) suggests that Rh incompatibility would be a 
better term than erythroblastosis, because the two conditions are not co- 
extensive. The Prussian blue test for iron in the liver .shows that hemolysis 
can occur in foetuses which are lost early in gestation. 

For some unknown reason, Rha does not usually produce erythrosis. 
The mothers of erythroblastotic infants are rh or Rh'. However, 
Waller, Levine and Garrow (1944) record the case of a mother who 
was Rh2; she produced an erythroblastotic infant which was Rh' like 
the father. 

Race, Taylor, Cappell and McFarlane (1944) now recognize seven 
Rh alleles, which may be designated Rho, Rhi, Rhj, Rh', Rh", rh and 
Rhy. Wiener (1944) recognizes six, regarding Rhy as related to the 
others in the same way that O is related to AB. Wiener, Sonn and 
Belkin (1944b) conclude that Rh antibodies and agglutinogens both 
play a role in the Rh reactions. But they find that only about 2 per 
cent of Rh— persons respond to transfusions of Rh-p blootl by pro- 
ducing antibodies, unlike the A and B which always produce anti- 
bodies, They suggest that this may be because the Rh is a subsurface 
antigen while the A and B agglutinogens are at the surface of the red 
cells; or there may be fewer Rh than A or B hapten groups in the red 
cells. There is need for further study of the nature of these reactions. 
It appears to the present writer that the whole serological theory of 
clumping requires an overhaul. Marrack (1938) discusses at length 
the nature of antigen-antibody reactions. In the recent new edition 
of Landsteiner’s book (1945) the subject is fully considered, and by 
Boyd (1943). See also Boyd and Hooker (1938). Rouleaux formation 
occurs in sera from pregnant or puerperal women. This seems to have 
a bearing on the nature of agglutination. From a quantitative study 
of the precipitin reaction of the type HI Pneumococcus polysaccharide 
with horse serum, Heidelberger and Kendal (1935) find that a bimo- 
lecular chemical reaction is involved, followed by a series of compet- 
ing bimolecular reactions which result in precipitation. Heidelberger 
(1938) concludes not only that antibodies are proteins but that almost 
any change at any part of the molecule will produce a chara:cteristic 
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change in specificity. There is thus increasing evidence that serological 
reactions are fundamentally strictly chemical in nature.) 

In a study of reactions between antigen and antibody, using Lang- 
muir’s film method, Rothen (1945) finds that the reaction can take 
place through as many as four double layers of stearic acid, although 
they act as a perfect screen for certain types of reaction, e.g., the adsorp- 
tion of a layer of insulin molecules by a layer of protamine. This seems 
to show that specific interaction between antigen and antibody can 
take place without contact, at a distance measured in hundreds of Ang- 
stroms. This would help to explain why so many antigens can be present 
In or near the surface of the red corpuscle without interfering with each 
other. 

Wiener and Karowe (1944) have devised a representation of the haptens 
in the ABO blood groups which visualizes their ideas of the antigen-antibody 
reactions. While this may help toward an understanding of the various 
relations between the agglutinogens and agglutinins, the assumption that in 
AA (homozygous) individuals the p)olar groups on the erythrocytes are 
duplicated at each end of the hapten is not in harmony with genetic knowl- 
edge. Such differences between homozygotes and heterozygotes are un- 
known and highly improbable. 

Study of the properties of various mixtures of anti-Rh sera leads to 
complicated relations between the various agglutinogens and agglutinins 
(Race, 1944: Stratton, 1944). Standard anti-Rh serum agglutinates the red 
cells of the genotypes Rhi and Rh2, while anti-Rhi serum agglutinates the 
former cells but not the latter. Race observed that if red cells of the geno- 
types Rh2Rh2 or Rh2rh are added to a mixture of these two sera, agglutina- 
tion due to the standard anti-Rh serum does not occur. Also if Rh2 cells 
are suspended for a few minutes in anti-Rhi serum, not only is there no 
agglutination but these Rh2 cells, after being washed, can no longer be 
agglutinated by standard anti-Rh seruiar 

On the basis of such relationships between the Rh factors, Fisher 
drew up a formulation of antigens, genes or alleles, and antibodies in 
which the three forms of allelomorphic antigens are denoted by Cc, 
Dd, Ee, the antibodies with which they react being denoted by the 
corresponding Greek letters. Each gene appears to be associated with 
a selection of three antigens from these three pairs. This system 
accounts for the seven alleles and predicts an eighth (R,) correspond- 
ing to CDE.^® Rhi is CDe, Rh2 cDE, Rho cDe, etc. This system also 
suggests the existence of two more antibodies reacting with d and e 
respectively, making a total of six. Each gene is thus associated with 
three allelic antigens or, as an alternative, three closely linked loci 

Rh, has recently been demonstrated (see Murray, 1944) and the Hr of Levine is appar- 
ently the same as St of Race and Taylor. Race et al, (1944) have analyzed the Rh alleles in 
fifty-six more families. They and Snyder (1945) both suggest the use of R instead of Rh, 
since the other blood groups are represented by single letters. 
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are inVolved. This new complication in the genetics of the Rh alleles 
awaits further development. In harmony with such relations, 
Dockeray and Sachs (1944) find two cases in which marked amounts 
of anti-Rh were present in the mother’s serum but the child Wcis normal. 

Wiener (1944a) subsequently, from a study of Rh genes with inter- 
mediate reactions, introduces a scheme of eight Rh alleles, but the 
analysis of this nest of genes is evidently not yet final. Murray (1944a) 
suggests a numerical nomenclature of the subgroups. Murray, Race 
and Taylor (1945) find a family with R, and alter certain antigenic 
formulae of Fisher. The relations of the four systems are compared 
in Table 23. 

TABLE 23 

SYSTEMS OF SYMBOLS FOR THE Rh ALLELES 


Wiener 

Fisher 

Murray 

Snyder 

Rh, 

CDE 

Rh 123 

— 

Rhi 

CDe 

Rh »35 

R‘> 

Rh^ 

CdE 

Rh 126 

R0'(")? 

Rh' 

, Cde 

Rh 156 

R' 

Rh^ 

cDE 

Rh 234 

RO" 

Rho 

cDe 

Rh 345 

Ro 

Rh" 

cdE 

Rh 246 

R" 

rh 

cde 

Rh 456 

r 


A new antibody (Br), which is identical with Fisher’s predicted 77, 
has now been found (Mourant, 1945). It also turns out that Hr and 
St are not the same antibody (Race, McFarlane and Cappell, 1945), 
but other evidence supports the hypothesis of Fisher although the 
very rare Rhy has not yet been found. Since this was written, Levine 
(1945b) points out that Hr and St are really the same, the supposed 
difference being based on an error. They contain identical antibodies 
corresponding to Fisher’s 7. The point has now been reached where 
an international committee is necessary to settle the future nomen- 
clature of all the Rh alleles. 

In a study of Negroes in New York City, Wiener, Belkin and Sonn (1944) 
confirm that O and B are higher and non-secretors more frequent than in 
whites. The A2 is also a higher proportion of A. Intermediates between Ai 
and At were found and designated An. There was no difference from whites 
in the MN, but Rho was 25 to 42 per cent in Negroes and only 2 to 3 per 
cent in whites, so that the Elho frequency might be used as an index of Negro 
purity. Rhi was twice as frequent in whites as in Negroes. 

Wiener, Davidsohn, and Potter (1945) tested the Hr factor in 
239 whites and 49' negroes in New York. They agree with Race and 
Taylor that anti-Hr reacts with Rh2, Rh", and rh, but not with Rhi 
and Rh'. Among whites, 25 per cent were negative for Hr and P, 
but only 2 per cent of negroes were negative for both. Hr and P are, 
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however, independent. Hr appears to be most frequently involved 
when the mother is Rh4- and the child shows hemolysis. 

Another Rh allele has since been found, and Levine (1945) concludes 
that Hr belongs to the Rh allelic system of genes. There are thus 
six Rh antigens, each with a specific antiserum. These antigens are 
inherited by means of eight Mendelian genes, giving 36 different 
genotypes, 27 of which can be distinguished serologically. 

McCall and Holdsworth (1945) report two families in which St pro- 
duced hemolytic disease of the newborn. Although isoimmunization 
with this factor should be as frequent as with Rh, it is much less so, 
probably because the St antigens are usually weak. Baar (1945) points 
out that anti-Rh agglutinins are seldom found in the sera of hemolytic 
babies and shows how the blocking test can be used to detect isoim- 
munization in Rh— women. He thinks it premature to accept fully 
Fisher’s scheme of Rh genes, because a mosaic of serological reactions 
need not always have a corresponding series of chemical structures in 
the antigen. 

Callender, Race, and Paykoc (1945) find three new antibodies in a 
woman suffering from lupus erythematosus diffusus, this disease being 
regarded as the result of some antigen-antibody reactions. One of the 
new antigens belongs in the Rh series and is designated C’' (at Fisher’s 
C locus). Another, known as the Lutheran antigen, is independent of 
ABO, MN, P and Rh. It is dominant in heredity and has an estimated 
frequency of 8-9 per cent in the English population. The third 
(Levay) antigen is rare but was found in father and son. Many 
more probably await discovery. 

The families now tested for inheritance of Rh genes (Wiener and 
Sonn, 1945) number 197 with 463 children. The only two exceptions 
were known to be illegitimate. Wiener assumes Rho, Rh' and Rh" as 
three dominant alleles with five corresponding agglutinogens, Rho, Rh', 
Rhi, Rh" and Rh2, where Rhi contains Rho and Rh' together and Rho 
contains Rho and Rh". The ABO, MN, P and Rh belong in four differ- 
ent chromosomes and give 288 different varieties of blood. 

Boorman, Dodd and Mollison (1945) studied the development of 
immune antibodies to A, B and Rh, (a) after transfusion, (b) in preg- 
nancy. Anti-Rh was usually produced only after repeated transfusions 
or pregnancies. Boyd (1945) recently reviewed the various Rh factors 
and their relations. 

In a recent further study, Wiener (1945) accepts Fisher’s hypothesis 
and postulates three varieties of Hr-antisera, Hro, Hr' and Hr" cor- 
responding to the Rho, Rh' and Rh". He also discusses other recent 
developments. 
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Serology and Race 

The simple unitary nature of the blood groups, their inheritcUice as 
Mendelian units and the fact that they appear to have no selective 
value as between adults gives them great advantages over other char- 
acters in the study of racial relationships. Nearly all other racial 
differences, for example in head shape, eye color, hair characters and 
stature, are not only quantitative but depend upon multiple factors 
which are genetically much more difficult to analyze. The blood groups 
are, moreover, unaffected by environment, whereas all the measure- 
ments taken by physical anthropologists are more or less subject to 
influence by external conditions, and the degree of that influence is 
difficult to measure. The blood groups are therefore a series of addi- 
tional anthropological characters which should be of great value in 
tracing racial histories. They should also prove to be of great impor- 
tance in connection with linkage studies, although, up to the present, 
evidence of their genetic linkage has been mainly negative. Different 
blood groups may ultimately serve as markers for many of the 
chromosomes. 

The Hirszfelds (1919) made the first records of racial differences in 
blood groups when they examined troops in the Macedonian army in 
Serbia during the last war. Many nationalities were represented, and 
they found that while all types tested had both A and B, yet there was 
a great preponderance of A in European and of B in Asiatic and African 
races. From these facts they drew the inference that the human race 
originally possessed neither A nor B, but that B arose on the central 
Asian plateau as a mutation in prehistoric times, while A appeared 
in northern Europe. The present mixtures would then be due to 
subsequent migrations and the intermingling of races. It has since 
become clear that the assumption of a single mutation, made by serol- 
ogists, is not enough. In the absence of selection in its favor, a blood 
group gene will only increase and spread in the population if it occurs 
repeatedly, no matter how low the mutation frequency. 

Probably over a million tests of human blood groups have since 
been made in all parts of the world, and the horizon regarding the 
history of the human blood groups has been greatly extended. A is 
found to be high not only in Europe but in many primitive races.*^ 
The latest full (although incomplete) list of published results is given 
by Boyd (1939). Routil, in 1932, found that 410,752 individuals had 
been tested throughout the world, giving totals of 37 per cent O, 

“In recent tests, 107 Guarani Indians in South Brazil and 237 Indians from N. E. Brazil 
were all O, indicating that O is probably widespread in South as in North America, 
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38 per cent A, 18 per cent B and 7 per cent AB. He also regarded O 
as the original condition in man, from which A and B had been derived, 
AB being the recombination occasionally arising in crosses of the other 
two. He pointed out that whereas O ranges from 1/5-4/5 (and 100 per 
cent) in different races, A is usually between i/io and 3/5 while B 
may vary from 0-1/2. A few of the characteristic results for different 
races are given in Tables 24 to 26. 

Many racial indices have been formulated, especially to show the 
relative frequency of the genes for A and B, but their usefulness has 
been limited. Several methods of mapping and of plotting the results 
in co-ordinates or in a triangle have also been adopted. 

TABLE 24 


BLOOD GROUPS AND TYPES OF VARIOUS RACES 


Author 

People 

No. 

0 

A 

B 

AB 

No. 

M 

MN 

N 

P 

Ikin, Prior, 

English 

3696 

437 

44-2 ♦ 

8.9 

3-2 






Race & 
Taylor 

(1939) 












Taylor & Prior 

English 

422 

47.9 

42 . 4 t 

8.3 

1-4 


28.7 

474 

239 


(1938) 

Landsteiner 

New York, 

265 

41.5 

46.8 

9.8 

1-9 

532 

26.1 

53-5 

20.3 

50.6 

& Levine 
(1929) 

whites 











Laadsteiner 

New York, 

267 

46.4 

34- 1 

17.2 

2.2 

181 

27.6 

47.5 

24.8 

86.9 

& Levine 
(1929) 

Negroes 











Fabricius- 

Eskimos, 

569 

239 

56.2 

II. 2 

8.7 


83-5 

15.6 

0.88 

— 

Hansen 

E. Green- 











(« 939 ) 

land 











Sewall (1939) 

Eskimos, 

202 

53 - 

46. 

0 

I. 


31-7 

50.5 

17.8 

__ 


Labrador & 
Baffinland 











Landsteiner, 

Washington 

120 

73-3 

25-81 

0.8 

0 

120 

56-7 

39.2 

4-2 


Wiener & 

State 











Matson 

(1942) 

Indians 











Levine, 

Blackfoot & 

176 

20.5 

78.4 

0 

1. 1 






Matson & 

Blood 








Schrader 

(1935) 

Indians 











Matson & 

Blackfoot 

115 

235 

76.5 

0 

0 






Schrader 

(1933) 

Blood Indians 

24 

16.7 

833 

0 

0 






Matson, 

Blackfoot 

103 

243 

74 - 8 * 

0 

I. 

93 

54-7 

40. 

5.3 


Levine & 
Schrader 
(1936) 

(Montana) 











Gates & Darby 

British Colum- 

300 

86.7 

12.7 

0.6 

— 







(1934) bia Indians 

* The 1537 A’s were 22.1 per cent Aj. f The 156 A’s were 18 per cent A2. 
t The 31 A’s were all Ai. 

§ The 93 A’s (partly tested in a previous study) were 92 Ai, i A3. 
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TABLE 24 (continued) 


Author 

People 

No. 

0 

A 

B 

AB 

No. M 

MN 

N 

Allen & Larsen 

Pueblo 

140 

78.6 

20.7 

0.7 

0 

59-3 

32.9 

7.8 

(1937) 

Indians 









Henckel, 

Mapuche 

100 





57. 

34* 

9* 

Castelli & 

Indians 









Dal Borgo 

(1941) 










See Wellisch 

Ainu (Hidaka) 

509 

I7.I 

31.8 

32.4 

18.7 




(1935) 

See Wellisch 

Ainu 

227 

255 

30.4 

38.8 

5-3 




(1935), 

(Tokachi) 









See Wellisch 

Ainu 

200 

36. 

195 

38.5 

6.0 




(1935), 

(Kamikawa) 









See Wellisch 

Ainu 

2 Q 5 

371 

24.4 

32.7 

5.8 




(1935) 

(Karafuto- 

Saghalien) 









Furuhata & 

Ainu 

I4I 

25.7 

28. 

34.8 

II-5 





Kishi (Karafuto- 

Saghalieii) 

Kubo (1936) Ainu 5^4 ^7 9 50.2 31.9 

Haschimoto & Japanese 2001 27.8 53.8 18.3 

Ischizu(i935) 

Levine & Chinese, New 150 30. 34. 25.3 10.7 23.3 54.7 22.0 

Wong York 

Alley & Boyd Chinese from loi 45.5 29.7 18.8 5.9 38.6 45.5 15.8 

(1943) Canton 

Lo & Yang Chinese 1000 44.8 28.9 23.7 2.6 

Szechwan 

Yang, Beh & Chwan Miao, 205 36.1 11.2 39. 13.7 

Morse (1938) Szechwan 

Terada (1935) Chinese in 1120 33.7 50.9 15.4 

Formosa 

Terada (1935) Taiyal, 812 22.3 69.3 8.4 

Formosa 

Sai (1936) Piawan, 716 5-7 84- 1 10,2 

Formosa 

Cleland & Australian 1176 52.6 36.9 8.5 2.0 

Johnston aborigines 

(1941) 

Cleland & South &Cen- 842 38.7 61,3 

Johnston tral Aus- 

(1941) tralian ab- 

origines 


Birdsell 

Australian 






102 

2.9 

43-2 

53-9 


aborigines 










Birdsell 8c 

Australian 

805 

53-2 

447* 

2.1 

0 

730 

30 

29.6 

67.4 

Boyd (1940) 

aborigines 










Gay (1942) 

Australian 

201 

61. 

39- 








aborigines 

(N.W.) 










Nigg (1930) 

Hawaiians 

413 

36.5 

60.8 

2.2 

0.5 





Nigg (1930) 

Samoans 

38 

38.8 

28.9 

26.3 

5-2 





Birdsell & 

Tasmanian- 

80 

51-2 

47.5 

1-3 

0 

80 

13.8 

06 

37.5 

Boyd (1940) 

Austr. 

hybrids 










Wiener, Sonn 

Chinese 

138 

31 2 

32 .6 1 

275 

8.7 

138 

319 

46.4 

21.7 


& Yi (1944c) 

* The 237 A were all Aj. 


t These were all Ai. 
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TABLE 25 


BLOOD GROUPS OF VARIOUS RACES 


Author 

People 

No. 

0 

A 

B 

AB 

See Wellisch (1935) 

Usbeks 

153 

36.6 

24.8 

32.0 

6.6 

See Wellisch (1935) 

Kirghis 

914 

36.8 

239 

314 

7.9 

See Wellisch (1935) 

Albanians in Sicily 

500 

37-8 

430 

13-2 

6.0 

See Wellisch (1935) 

Italians in Sicily 


43- 1 

34-9 

17.1 

4*9 

See Wellisch (1935) 

Druses, Syria 

229 

33*2 

36.3 

18.3 

12.2 

Ganeff (1934) 

Bulgarians 

6,060 

32.1 

444 

154 

8.1 

Boyd & Boyd (1937) 

Basques, San Sebastian 

91 

57-2 

41.7* 

1. 1 

0 

Irizar (1937) 

Basques, San Sebastian 

138 

56.5 

384 

1*5 

3*6 

Mustakallio (1937) 

Lapps, Finland 

150 

34.7 

49.3 

13-3 

2.7 

Mustakallio (1937) 

Lapps, Sweden 

404 

28.9 

62.6 

4‘5 

4.0 

Fisher & Taylor (1940) 

Scotland 

10,969 

52. 

34-2 

10.4 

3-3 

Fisher & Taylor (1940) 

N. England 

8,716 

48.6 

40.3 

8.5 

2.5 

Fisher & Taylor (1940) 

S. England 

106,477 

45-2 

43-2 

8.5 

3 -x 

Winkel (1936) 

Abyssinians 

400 

42.7 

26.5 

253 

5.5 

Pijper (1935) 

Hottentots 

506 

34-8 

30-6 

29.2 

5-3 

Pijper (1935) 

Bushmen 

548 

57.1 

29-5 

6.8 

6.6 

Gusinde (1936) 

Bushmen 

— 

56.1 

29.6 

7-5 

6.8 

Julien (1934) 

Pygmies 

1013 

27.1 

35-9 

28.1 

8.9 

Gusinde (1936) 

Pygmies, Efe (Bambuti) 

1032 

30.6 

303 

29.1 

10. 

Gusinde (1936) 

Pygmies, Aka (Bambuti) 

100 

27. 

41- 

25. 

7- 

Pandit (1934) 

Toda (India) 

200 

29-5 

19-5 

38.0 

13-0 

Aiyappan (1936) 

Paniyan (India) 

250 

20. 

62.4 

7.6 

10. 

Majumdar (1942) 

Tharus (India) 

241 

27.1 

17. 

37-5 

18.4 

Boyd & Boyd (1938) 

Syrian Bedouin 

304 

39-8 

234 

30.2 

6.6 

Phillips (1931) 

Maori, Te Arawa 

127 

38.6 

417 

0.8 

18.9 

Phillips (1931) 

Maori, other tribes 

73 

63.0 

35-6 

14 

0 

Shapiro (1940) 

Tahiti 

124 

35*5 

58.9 

4.8 

0.8 

Shapiro (1940) 

Tuamotos (5 islands) 

176 

48.3 

51 7 

0 

0 

Shapiro (1940) 

Australs 

33 

67.7 

30.3 

0 

0 

Shapiro (1940) 

Rapa 

6 

33-3 

66.6 

0 

0 

Shapiro (1940) 

Mangareva 

29 

41.4 

58.6 

0 

0 

Shapiro (1940) 

Easter Island 

21 

33-3 

66.6 

0 

0 

Golden (1930) 

Caraja (Brazil) 

61 

39- 

5 - 

51 - 

5 - 

Rahm (1931) 

Yaghan (Tierra del Fuego) 

33 

9- 

0 

91. 

0 

Rahm (1931) 

Ona (Tierra del Fuego) 

18 

944 

5.6 




* A2/A1 = 0.39. 


TABLE 26 


THE 

MN BLOOD 

TYPES 

OF VARIOUS 

RACES 

People 

No. 

M 

MN 

N 

Author 

Irish, Dublin 

399 

30- 

46.6 

233 

Boyd & Boyd (1937) 

Egyptians 

1145 

27. 

53- 

20. 

Boyd & Boyd (1937) 

Egyptians 

506 

341 

46.1 

19.8 

Matta (1937) 

Danes 

1485 

30. 

48.9 

21.2 

Wellisch (1935) 

Danes, Copenhagen 

580 

30- 

44.6 

25.5 

Thomsen & Clausen (1931) 

Germans, Hamburg 

4867 

29.7 

50.9 

19-3 

Lauer (i933) 

Finns 

400 

23- 

59-5 

17-5 

Wellisch (1935) 

Congo pygmies 

92 

293 

44-5 

26.1 

Jadin (1934) 

Calcutta (Indians) 

— 

42.7 

46.7 

10.7 

Greval (Macfarlane, 1940) 

Syrian Bedouin 

304 

56.3 

364 

7.3 

Boyd & Boyd (1938) 

Basques 

91 

23.1 

51.6 

253 

Boyd & Boyd (1937) 
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Some years ago (Gates, 1936) I developed a theory to account for the 
present racial distribution of the blood groups, based on the conceptions 
of parallel mutations and varying mutation frequencies. The concep- 
tion of parallel mutations (Gates, 1912) was founded on the occurrence 
of similar {lata) mutations in different species of Oenothera, and 
Stomps (1912) independently found the gigas mutation in two different 
species. Later (Gates, 1920), the conception was further developetl 
in relation to Oenothera, Drosophila and many wild species of plants. 
Vavilov (1922) showed extensive series of parallel or homologous varia- 
tions (presumed mutations) in both wild and cultivated plants. The 
development of A and B independently in anthropoids and man is 
therefore not a priori improbable. 

Very little is known as yet regarding mutation frequencies in wild 
species of plants and animals under natural conditions, although it 
is known that the same mutation often occurs repeatedly. There is 
also plenty of evidence that wild females of Drosophila and various 
plant species are heterozygous for different mutations. The subject 
of mutation rates was discussed (Gates, 1936) and the possibility that 
they may change from time to time was pointed out. In man, there 
is little evidence on the subject, but Haldane (1935) estimated the 
frequency of the hemophilia mutation at i in 50,000 in the population 
of London. Although all races produce albinos with a low frequency, 
the high proportion of albinos among the white Indians of Darien 
(see p. 285) can be most readily accounted for through a high mutation 
rate, and it is doubtful whether it can be explained in any other way 
except through the chance isolation of a family one of whom was 
heterozygous for this recessive condition. Streng (1937) also believes 
that blocxl group mutations occur, but so seldom that centuries must 
elapse before they affect the frequencies in a population. 

That entirely new mutations begin to appear from time to time in 
various species is a necessary assumption to account for evolutionary 
diversity, and the principle of parallel mutations shows that the same 
mutation may occur independently in different species or groups. 
There is at present little evidence on which to build a theory of changes 
in mutation frequency, but to account for evolution it appears neces- 
sary to assume that at a particular point in the history of a species 
it began to produce certain mutations which had not appeared before. 
There is also evidence that particular species, for example, of Dro- 
sophila, produce different mutations (i.e., have different mutation 
frequencies) in different parts of their area of distribution. That being 
so, it is at least possible that the A and B blood group mutation rate 
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may vary in different human races or may have so varied in the past. 
Such a theory appears necessary to account for the present known 
distribution of the B blood group. 

The possibility was formerly considered (Gates and Darby, 1934), 
that the A and B both developed independently as parallel mutations 
in anthropoids and in man, since the anthropoid apes, as we shall see 
later, have among them both A and B. It soon transpired, however, 
that in many primitive or isolated peoples B was absent or in very 
low frequency, while A and O ranged between 40 per cent and 60 per 
cent. For such reasons, it was argued (Gates, 1929; Howells, 1933) 
that A is older in mankind than B. In northern Australia the abo- 
rigines appear to have derived their low percentage of B from Melane- 
sians of adjacent New Guinea, while in central and southern Australia 
B disappears altogether. Recent results of Birdsell and Boyd (1940) 
show (Table 24) that the Australians are remarkably high in N. They 
suggest that three ethnic elements entered Australia between the 
late Pleistocene and early Recent times, the long intervals between 
allowing each to permeate the continent. From a few mixed descend- 
ants of Australian-Tasmanian crosses they conclude that the Tasma- 
nians probably had no B, while their MN also was not very different 
from that of the Australians. 

Similarly, Hawaiians (Nigg, 1930) have 60 per cent of A and only 
2 to 3 per cent of B. The Maoris (Phillips, 1931) of New Zealand, who^ 
came from Hawaii about six hundred years ago, have the same blood 
groups (Table 25), except the Te Arawa tribe. The latter made its 
home in the Roturua district, into which the previous inhabitants 
of New Zealand, the Maoriri, retreated. The Maoriri differed from 
the Maori in having a fairer skin and a reddish tint in their hair. Four 
of the Te Awara tested showed these characters, and their very high 
percentage of AB seems to show clearly that the Mac^riri had a high 
frequency of B. They, like the primitive Ainu (see below), must have 
achieved in some way a high concentration of B. 

Shapiro (1940) finds that B is negligible or absent (Table 25) in 
central and eastern Polynesia, only slightly represented in Tahiti. 
But Samoa (Table 24), on the western margin of Polynesia, has 13 to 
26 per cent B. The Samoans belong to the Taqgaloa Polynesians 
(Handy, 1928) which got their B and some physical characters from 
South China. The Polynesians were evidently lacking in B when they 
left southeastern Asia. 

The Paniyans (Aiyappan, 1936), a pre-Dravidian Australoid tribe 
in southern India, had 62 per cent A and 17.6 per cent B and AB, the 
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B probably derived from crossing with surrounding peoples high in B. 
The Bushmen of South Africa have nearly 6o per cent O, with about 
30 per cent A and 10 to 13 per cent B. 

The Basques are generally regarded as descended from the aborigines 
of southwestern Europe. More specifically (Coon, 1939) they are of 
Mediterranean Keltic Iron Age type with a mixture of Nordic and 
Dinaric elements (French Basques have 22 per cent blue eyes, 16 per 
cent light brown to blond hair, mesocephalic, C. I. 77, nose convex in 
43-49 per cent). They number about 500,000 in northern Spain and 
120,000 in the western French Pyrenees, they have rarely intermarried 
with other people (Wellisph, 1935), and their remarkable language 
is quite unrelated to the Indo-European tongues. They are of short 
stature, with a long triangular face, broad at the temples, with pointed 
chin, long thin nose and dark hair and they show wonderful suppleness 
and agility (see Ripley, 1923). The blood groups (Boyd and Boyd, 
1937) show nearly 60 per cent O, 40 per cent A and only i to 2 per cent 
of B, in contrast to the values for B in the populations of Spain and 
France. Their peculiar facial type appears to be derived from a 
Mediterranean stock by isolation and inbreeding. 

The Lapps number only about 20,000 stretching across the Arctic 
region of Europe — Norway, Sweden, Finland and Russia. They are 
also relatively low in B. Wellisch (1935) thinks they originated in 
inner Asia, which would account for their picking up some B in their 
migration northwestward to their present home. Table 27 shows the 
blood group relations of these peoples, together with Wellisch’s useful 
"blood-chemical” formula. 


TABLE 27 


BLOOD-CHEMICAL FORMULAE OF CERTAIN PEOPLES 



0 

A 

B 

AB 

Blood Cheifi'i 
Formula 

Inner Asiatics 

32.3 

21.5 

37-4 

8.8 

A4B6O13 

Ugro-Finns 

32.9 

28.7 

31.2 

7.2 

A,B, 0,3 

Great Russians 

32.0 

377 

22.9 

7-4 

A6B4013 

Finns 

32,8 

42.9 

17.8 

6.5 

A7B3013 

Lapps 

317 

52.4 

1 1.2 

47 

A 8 B 20 i 3 


It will be seen that O Is practically constant in these five peoples, 
while A shows a steady increase and B a corresponding decrease from 
top to bottom of the table. 

These peripheral peoples, the Australians, Hawaiians, Maoris, 
Bushmen, Beisques and Lapps, are all low in B or originally devoid 
of B. The Australian aborigines and the Bushmen are probably the 
most primitive surviving races, and the natural conclusion is that 
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primitive (Paleolithic) man did not have B but did have A. These 
modern A-races now have about 40 per cent A, but it does not follow 
that they received this amount from their anthropoid ancestors. There 
may have been a considerable increase through the action of a low muta- 
tion rate in the long interval between man’s origin and modem times.^^ 

As pointed out elsewhere (Gates and Darby, 1934), if A accumulated in 
any race simply as the result of the mutation rate, the time necessary to 
attain say 40 per cent A from an original 100 per cent O can be calculated 
by the method of Fisher. If we assume that /x gametes mutate in each 
generation, then i — /x remain normal, and after n generations (i — will 
remain normal. Let (i — /x)'' = ?• Then /> = i — g is the proportion of 
mutated gametes. With random mating, the proportion of the three zygotic 
types will be in the well-known ratio ^ normal : 2 pq heterozygotes : 
homozygous mutants. Since /x is very small, q will only differ appreciably 
from unity when n is large. The expression (i — /x)” may then be replaced 
by so that q — or w/x = log^ g. 

Applying this formula, if we assume a mutation frequency of i in a million, 
then in 10,000 generations with m = lo”®, n - Io^ p will be ca, i per cent. 
Or if jLx = and n = 10^ (250,000 years, counting 25 years to a generation), 
then p = 10 per cent. In other words, with a mutation frequency of i in 
100,000 it would require some 250,000 years to accumulate 10 per cent of 
the A blood group through mutation. Thus for the Australoids, the Poly- 
nesians, the Bushmen or the Basques to reach 40 per cent of A through 
mutation from O would require a million years. This is obviously too long 
a period, and so it seems more reasonable (Gates, 1939b) to assume that 
primitive man already had A, derived from his anthropoid ancestors. This 
is all the more likely since, (a) the blood groups show such stability that 
they can be used in tests of paternity, and {b) as we shall see below, the 
gorilla, chimpanzee, gibbon and orang utan, all have A, while the chim- 
panzee at least apparently has no B. While humanity thus began with a 
certain percentage of A, it was not necessarily 40 per cent. The remarkably 
uniform frequency of A in primitive and isolated races was not necessarily 
all acquired from our anthropoid ancestors, but may have been slowly in- 
creased through a persistent low mutation rate. A rate as low as i in 100,000 
would be very difficult to detect in modern man. 

On this basis A will have been derived, at least in large part, from 
man’s anthropoid ancestors, while B may have arisen independently 
in the evolution of man, the gorilla, and the Asiatic orang and gibbon. 
In this connection it is significant that whereas the American Indians, 
Hawaiians and Australians tested for Ai and A2 were practically all 
of the Ai subgroup (Table 24), in Europeans about 20 per cent of the 
A’s are A2. It therefore seems clear that A2 is a secondary mutation 
derived from the older Ai. When the frequency of k% is known in a 

** Simmons (1944) points out that A2 is absent from Australians, Papuans, Fijians and 
Indonesians tested. All of the first three races and all but two of the Indonesians were Rh-|— 
The Fijians were high and the Australians very high in N. 
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wider range of races it may be possible to calculate roughly its mutation 
rate in different populations. Quite possibly the subgenes A2, As, B2, N2 
have a mutation rate which is high enough to be measured (i.e., they 
are relatively labile like the subgenes of color-blindness) while the 
main genes, A and perhaps B, are so stable that they very rarely 
mutate. We already have one record of A2 mutating to Ai (p. 699), 
while in the vastly greater number of tests for A there is only one case 
in which A has apparently mutated to Haselhorst and Lauer 
(1931, 1932) found an O child from an A2B mother, but it is a question 
whether its anaemic condition made difficulties for blood group deter- 
mination. It was also a deaf-mute, nearly blind, and one side of its 
face was deformed. They are inclined to think that the child inherited 
A, but that its expression is inhibited, i.e., that there was a lack of 
penetrance. If such a child produced offspring the matter might he 
settled. Kossovitch (1929) reported another exception.) 

fn this connection the Blackfoot and Blood Indians of Montana 
ahd Alberta, with their remarkably high concentration of 60 to 80 f)er 
cent A (Table 24) (whereas many Indian tribes appear to have been 
originally 100 per cent 0 ), nevertheless agree with the Pueblos and 
the Mapuche of South America in having only 5 to 9 per cent of N. 
The Blackfoot may then have derived their high A through chance 
isolation of a family group with A from an ancestral tribe with only 
a very low percentage of A. But the matter is by no means settled^ 
As regards the O, it may be that as the Indians gradually spread over 
the American continents, the A with which some of them entered 
America may have been left behind in the process of new colonization. 
A comparison of all the tribes will throw light on that possibility, but 
it would necessitate the assumption that the tribes reaching the British 
Columbia coast had already shed their A. It can generally be assumed 
(Gates and Darby, 1934) that a low percentage of A has been derived 
through crossing with whites. This certainly appears to be the case 
with the Nootka, Kwakiutl, Salish, Tshimshian and Haida of the 
British Columbia coast. The blood groups in relation to American 
Indian origins have been considered elsewhere (Gates and Darby, 1934). 
Anthropologists have not generally realized the importance of this 
evidence as a limiting factor. For instance, the British Columbia 
Indians, having no B, cannot have arrived in America very late., 
Wiener, Zepeda, et al. (1945) have recently tested 98 Mexican Indians^ 

It seems clear that A, perhaps B, and Rh, contain labile sub-genes, and the same is true 
for the allelic forms of color-blindness. The extensive studies of Ernst (1942) on the highly 
labile gene for calycanthemy in Primulas, its various alleles and their mutations confirm this 
point of view, 
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mostly full-blooded, from Tuxpan. Among other results, they found 
90.8 per cent O, 6.1 per cent Ai, 3.1 per cent B. N was only 3.1 per 
cent, 2 1. 1 per cent lacked P and 44.2 per cent lacked Hr. Besides the 
six allelic Rh genes they confirm Race et al. (1944) in finding one or two 
other genes which are rare in whites but had a frequency of 3.3 per 
cent in these Indians. . 

/ The pedigree of an Indian family in British Columbia (Gates and 
Darby, 1934) shows the inheritance of A in four generations. Those 
who had died could of course not be tested, and III. i (living) was not 
tested. The family showed 8 A’s (5 c? 3 9 ) in four generations, and 
four others who had died were probably A, as they were most likely 
to have transmitted it. This family accounted for 8 of the 14 who 
tested A in Klemtu village, the whole family giving 8 A and 8 O, anti 
the whole village 14 A, 26 O, and l B who was negroid. 3 
Considering now the distribution of B, there is much evidence that 
in humanity it is later in origin than A, but this evidence is not entirely 
unequivocal. Haldane (1940) calculates that the 10 to 15 per cent 
of B in European populations could not have been acquired through 
mutation in the 20,000 years (1000 generations) since the last retreat 
of the ice. It seems clear that most of the B in Europe is an infiltration 
from Asia within historical times, but this tloes not preclude a low 
mutation rate of B as well. From carefully sifted data of European 
populations, Haldane confirms the well-known gradient of B from 
East to West, but whereas in Table 26, for northern and eastern 
Europe, O remains relatively constant, he finds that O diminishes 
and B increases as we move eastward, A remaining relatively constant. 
This implies an older European population having roughly 40 per 
cent of A in equilibrium, with B as an intrusion from the east. On 
the other hand, the peripheral populations of western Europe show 
wide local variations in B because of early groups which contained B 
colonizing by sea. Farther north the O’s stabilized at ca. 32 per cent. 
It seems likely that some B also came into southern Europe from across 
the Mediterranean within historical times. Bijlmer (1940) concludes 
that the B blood group has not come to the Netherlands with pig- 
mentation from the south nor with brachycephaly from the east, but 
that pigmentation and B probably both came into Zealand by seaP 
' Candela (1942) has recently analyzed further the distribution of the 
B^lqgd-group in Europe. From a comparison of historical data (the 
Asiatic invasions of Europe beginning in the fifth and ending in the 
fifteenth century A.D.) with ethnic distributions and the present fre- 
quencies of the B blood group, he shows good reasons for the conclu- 
sion that the dolichocephalic Huns and the brachycephalic Avars in 
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the fifth and sixth centuries, the Magyars in the ninth century and the 
Mongoloids under Genghis Khan in the thirteenth century were 
responsible for introducing the B blood group (as well as much brachy- 
cephaly) into European populations. He shows that the Russian and 
Danubian peoples who were mainly in the contact zone, from the 
Russian steppes to the Hungarian plains, have higher values of B (g), 
while the refugee ethnic groups of the Caucasus, such as the Ossetes 
and the Imeritini, remain almost as low in B as the Basques of western 
Europe. The Mongoloid aspect in the contact zone is largely dissipated 
because it is determined by many independently assorting genes, while 
the B blood group is a single indivisible unit handed down to succeed- 
ing generations. 

The Hirszfelds were certainly right in regarding Asia as the main 
centre of origin of B. It runs up to high values in Central Asia, India, 
Mongolia and Japan. It is rather a surprise that the primitive and 
long isolated Ainu (Table 24) are very high in B, and this applies 
equally to the purer Ainu in Saghalien and Kamikawa (in North 
Hokkaido). In blood groups they are most like the Usbeks and Kirghis 
(Table 25) of central Asia, but this does not necessarily indicate rela- 
tionship. The northern Ainu, in Saghalien and Kamikawa, have more 
O and less A than the southern Ainu, who are more mixed wiih the 
Japanese. That this mixing has not raised the frequency of B, shows 
that they were already at least as high in B as the Japanese. They also 
differ from the Japanese in having about 10 per cent less M and 10 per 
cent more N, agreeing in this with the Australian aborigines. 

Some anthropologists have regarded the Ainu as a remnant of a 
“white” race originally occupying the eastern Asiatic islands from 
Sumatra to the Philippines, represented by the Batak of Sumatra, 
the Dyaks of Borneo, the Tayals of Luzon and the Bizaja of Mindanao. 
Others relate them more nearly with Caucasians, but their high B is 
difficult to account for on this basis. They seem definitely to be 
Asiatics, although their white skin, dolichoid skull and somewhat wavy 
hair may relate them to the Caucasian stock. The skin color varies 
from white to olive, yellow, red-brown, light copper red, brown, dark 
brown, and nearly black according to early authors. The dark skin 
is due to black hairs, according to some, but the babies are quite white. 

The problem of the Ainu is discussed in a series of papers in the Proc. 
3rd Pan-Pacific Science Congress (1928). Their language appears to 
be related to the Malayan, Melanesian and Nicobar tongues, although 
Aryan affinities have been suggested. Siberian place-names such cis 
Tomsk, Irkutsk, Omsk, and Obi are said to be Ainu, but the -sk end- 
ing is Russian. Sternberg regards them as Australoid in affinities, as 
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shown in part by their hairy bodies and luxuriant beards, as well as 
their dolichocephaly and broad noses. Comparison with the Indian 
Todas seems less justified. There are no remains of the Ainu in Corea, 
but there are Neolithic Ainu remains in the Luchu (Ryukyu) Islands 
south of Japan, and many of the people in these islands are said to 
have Ainu features. This appears to be good evidence that the Ainu 
entered Japan from the south, but leaves their high percentage of B 
unaccounted for. If they left southeast Asia with an early stock of 
Australoids and moved northward, through the islands of the western 
Pacific, they might have picked up some B in the screen of islands 
extending from Borneo to P'ormosa. They may then be regarded 
as wanderers from the same original source as the Australoids of 
Australia, south India, and West Oceania. Their connections with 
Siberia will have come later, when they moved northward from Japan. 
From Siberian sources, they have picked up such culture elements 
as the bear ceremonies, but their contacts have scarcely been sufficient 
to account for the B blood group being as high as in Japanese and 
Mongolians. 

The Chwan Miao of western China are another aboriginal people 
with as much as 39 per cent B and very low A. 

Other unexplained pockets of high B are the Eskimos of East Green- 
land (Table 24) as determined by Fabricius-Hansen (1939), in contrast 
to those of Labrador and Baffinland, who have practically no B. This 
is also difficult to account for without invoking B mutations. The 
708 Eskimos at Angmassalik in East Greenland were all of pure stock 
except three Eur-Eskimo children. At Thule they were 80 per cent O. 
The Eskimos are believed to have arrived in North Greenland over 
Smith Sound prior to A.D. 982. On the southeast coast they met the 
Northmen immigrants in the twelfth century and the latter were 
exterminated in the fifteenth century, after being cut off from Europe. 
It is assumed that the Eskimos migrated up the east coast of Green- 
land in the fourteenth century. Even if they had already mixed with 
the Northmen, this would not account for their high per cent of B. 
For the origin of the Eskimo, see Jenness (1933). 

In South America, the Caraja in Brazil and the Yaghan of Tierra 
del Fuego (Table 25) show remarkably high concentrations of B. 

Africa appears to be an independent centre of the B mutation, 
although the frequency is not so high as in Asia. In South Africa B 
generally runs in the 20’s (Elsdon-Dew, 1936) but the Hottentots have 
nearly 30 per cent and the Bushmen only 6 to 8 per cent (Table 25). 
The African distributions require special study, as the blood-grouping 
results give rather a different picture from the current anthropological 
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views. Elsdon-Dew concluded that the Bantu are the most primitive 
black race, having been isolated in Africa before A and B appeared. 
We have, on the contrary, regarded the presence of some A as primitive, 
the JOO per cent O of many American Indian tribes being a resolt of 
repeated migrations and isolations in new areas. The African pygmies 
are high in B, and crossing with Negroes reduces its frequency. 

It seems possible to conclude that in various parts of the world the 
B blood group has come in later than the A and has probably increased 
through mutation in particular areas. It thus appears to resemble 
genetically the brachycephalic type of skull, which has arisen in 
various parts of the world, apparently from the older dolichocephalic 
type of head (see Chap. XXX). The A blood group, on the other hand, 
and the capacity for producing the A mutation, have probably been 
inherited from our anthropoid ancestors. Areas of high concentration, 
such as the Blackfoot Indians and related tribes, may result partly 
from a higher mutation rate or entirely from chance isolates of 
population. 

The Tharus are a tribe in North India, between Nepal and the 
United Provinces. Majumdar (1942) finds (see Table 25, p. 713) that 
they are very high in B, which may have been derived from mixture 
with Mongoloids. They are notoriously irpmune to malaria, and 
78 per cent of those with the B or AB blood group said they were free 
from malaria, while those with “fever” were mostly A. It seems that 
the Tharus children get the disease and develop an enlarged spleen, 
but by the age of twelve or fifteen they have developed immunity. 
From this it appears that the presence of B may offer a selective 
advantage in malarial districts. This factor might account for the 
high B in some tribes occupying malarial regiorls, but there are many 
cases (e.g., Tierra del Fuego and East Greenland) which could not be 
accounted for in this way. 

It is sometimes supposed that in mixed races blood group determina- 
tions can yield no evidence regarding the racial history, but this is far 
from true. Ottensooser (1944) has developed a formula by which the 
degree of mixture of races may be calculated. If r, is the percentage of 
a gene in the larger population, r„ in the mixed population and in 

the smaller population, then the degree of mixture is X = — -> 

f\ — r<i 

The large numbers of blood groups determined in connection with 
the blood transfusion service in Britain during the war have now made 
possible an analysis of the blood group frequencies in different parts 
of the island. O and A show wide variations in frequency. For southern 
England alone over 106,477 results have already been compiled. Fisher 
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and Taylor (1940) show a consistent gradient in the frequency of A 
from southern England to Scotland. The higher O in Scotland pre- 
sumably indicates peripheral isolation, the blood groups being closely 
similar to those of Iceland. Both are lower in A and B than modern 
Norway, indicating that the early Viking population of Norway has 
since been infiltrated with ethnic elements from further south. Hart 
(1944) shows that in North Ireland the English element (surnames) 
differs from the Scotch and Irish, these two latter being the same; 
North Wales is much higher than England in B, and Iceland is very 
similar to Du Win. 

Other comparative results for O and A in different parts of Britain 
show that B and AB together make up 12 to 15 per cent while O and 
A fluctuate reciprocally. Ireland has decidedly more O than Britain, 
indicating greater isolation. In North Wales, Fraser Roberts found 
that when only donors with Welsh surnames were taken, A was as 
low cis in the Scots and Irish, while English family names gave a pro- 
portion of A almost as high as in southern England. Among families 
with Welsh surnames, those which are characteristic of North Wales 
are lower in A than those which are commoner in South Wales. Sur- 
names were not adopted in Wales until Tudor times. Similarly in the 
Bristol area, those with Highland .Scottish and Irish surnames were 
higher in O and lower in A. In South Wales, which speaks a different 
form of Welsh from North Wales, the blood groups were essentially 
like the south of England. It is thus clear that, with large numbers, 
very considerable ethnic diversity can be shown by the blood groups 
within the British Isles. Fisher and Roberts (1943) have recently 
found in parts of England a slight but significant excess of men who 
are A and of women who are O. 

Similarly in Syria, Wellisch (1935) finds the following formulae 
applicable : 

Druses A^BsOia 

Mohammedans AsBiOi,® 

Jews A9B6O18 

Christians A^BsOiy 

The distribution of the blood groups among the many racial types 
of India offers special problems which we need not enter into here. 
From the work of Macfarlane (1938, 1941), Sarkar and others it may 
be pointed out that the highest frequency of B, and perhaps the original 
source of B in India, is among the lower castes in the northeast (Bengal). 
Both A and B are lower (and O higher) in the Brahmins and other high 
castes'. The various jungle tribes (aborigines) vary widely, but most 
of them, such as the Santal, Oraon, Bhil, Korku and Kanikkar, are 
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higher in B than A. The Bhils vary, however, in different areas, and 
Majumdar (1942) found only 26 per cent of B in the Bhils of Gujarat. 
There is a general increase in A and B from south to north, and in B 
from eeist to west across Central India. 

The results suggest that there were originally pre-Dravidian Austra- 
loid stocks in southern India high in A but with little or no B, and 
others such as the Oraon somewhat farther north high in B and low 
in A. The O blood group reaches about 50 per cent in the Oraon and 
Kanikkars. The Oraon of India are comparable with the Chwan Miao 
of western China as centres for B, but there is no present reason for 
connecting the two. Since the Australians were originally without B 
and since there are good grounds for believing that they migrated from 
southeastern Asia, leaving behind such A-peoples as the Paniyans of 
southern India (and the Veddas of Ceylon), this is another reason for 
assuming that the B is later in origin or at least in expansion than A. 
The Polynesians, who probably left southeastern Asia much later than 
the Australoids, were also without B. Everything therefore points 
to a relatively late expansion of B, and it is difficult to see how this 
could have been accomplished in the absence of a relatively high 
mutation rate. The scattered pockets of B in the Eskimos, on the 
Amazon and in Tierra del Fuego all appear to be of recent origin 
however this has taken place. 


TABLE 28 

RESULTS OF BLOOD GROUPING MUMMIES AND BONES 



No. 

0 

A 

B 

AB 



Egyptian mummies 


3 

— 

I 

2 

— 

Boyd & Boyd, 1937 

Predynast ic 








Egyptian mummies 


2 

— 

6 

3 

— 

Candela, 1936 

1 8th dynasty 








Egyptian mummies 


93 

3 

12 

9 

5 

Boyd & Boyd, 1937 

Total 








Pueblo Indian mummies 


22 

— 

— 

— 

2 

Boyd & Boyd, 1937 

Basket Maker Indian mummies 


27 

3 

I 

0 


Boyd & Boyd, 1937 

Peruvian Indian mummies 


118 

I 

6 

2 

7 

Boyd & Boyd, 1937 

Minnesota* 

6 

I 

5 

— 

— 


Candela, 1937 

New York Cityf 

4 

— 


4 



Candela, 1937 

Aleutian mummies 

30 

36.6 

36.6 

20 

6.6 


Candela, 1939 


* As these bones were associated with a tooth of an extinct bison, they are presumably 
Indian and are regarded as not less than three hundred years old. 

f These were believed to be from an early colonial burial. One was identified as a Negro, 
from the hair and other characters. 

Recent work in the blood grouping of mummies and human bones 
(using absorption methods) has a bearing on these problems if the 
results are sufficiently reliable for acceptance. That successful meth- 
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ods may be developed is indicated by the fact that when Dr. Boyd 
sent Dr. Candela ten specimens of human bones which had been 
artificially aged by different methods, from individuals whose blood 
groups were known, he (Candela, 1940) successfully determined the 
correct blood group in nine of them. Some of the results are given 
in Table 28. These results would indicate that while the modem 
Pueblo Indians have about 20 per cent A and probably no B except 
from an occcisional cross, the prehistoric Pueblos were in the same 
condition although no A was actually found. The early Peruvian 
Indians on this basis would have more B than A and the Aleutian 
mummies from pre-Russian times 20 per cent of B. Unfortunately, 
the blood groups of the modern Aleuts have not been taken. 


Blood Groups of Anthropoids 

Obviously the blood groups of anthropoids are important in relation 
t(} the origin of the human blood groups. The results, as they stand 
at present, are given in Table 29. Over 80 per cent of the chimpanzees 
tested are A, the rest O, B apparently absent. In tests made of gorillas 


TABLE 29 


Chimpaiinzee 

Gorilla gorilla 

Gorilla gorilla 

Gorilla gorilla 

G. heringei 
Orang utan 
Gibbon 
M. mulatta 

M. mulatta 

M. irus (Java) 
M. irus (Java) 
A teles ater 

A. cucullatus 


BLOOD GROUPS OF ANTHROPOIDS 


No. 

99 


22 

15 

4 


0 

12 


A 

85 


B 

5 

3 

5 


10 

7 

4 


A B Doubtful 
2 


Remarks 

Candela, Wiener <& 
Goss, 1940 
Candela, Wiener & 
Goss, 1940 
Wiener, Candela & 
Goss, 1942 
Wiener, Candela & 
Goss, 1942 

Candela, 1940 
Candela, 1940 
belonging to one 
family 

Wiener, Candela & 
Goss, 1942 
in family I 
in family II 
Wiener, Candela & 
Goss, 1942 
Wiener, Candela & 
Goss, 1942 


from the urine. Candela (1940) formerly concluded that two were AB, 
but later tests of the blood showed that these were actually both B. 
An interesting and probably significant difference appears between 
the lowland gorilla {G. gorilla) and the mountain species, G. beringei, 
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the former having only B and the latter only A in the few tested. The 
Asiatic anthropoids, on the other hand, both have A, B and AB in 
similar proportions, but apparently lack O. The B of the gorilla is 
found (Candela, Wiener and Goss, 1940) to be similar to but not 
identical with the human B, as the red cells were only feebly aggluti- 
nated by human anti-B sera. An extract of the gorilla's submaxillary 
gland gave results closely parallel to those of a human B individual. 
Landsteiner and Miller (1925) showed the presence of B-like agglutin- 
ogens in the red cells of New World monkeys and lemurs, but their 
absence from the Old World monkeys. This argues for the independent 
development of B in New World monkeys, lemurs and the higher 
anthropoids. 

Wiener, Candela and Goss (1942) have recently tested three more 
lowland gorillas. The human agglutinogens A and B were absent 
from the red cells but the serum of the gorilla Janet contained only 
anti-A. The submaxillary gland contained group-substances similar 
to or identical with the human B. Landsteiner's rule regarding the 
reciprocal relationship of antigens and agglutinins thus holds true as 
far as the organs (but not the red cells) arc concerned. The saliva 
and urine of two young gorillas also contained B. 

In seventeen macaques the saliva, glands and urine agreed in placing 
each in one group. Although the red cells in all were negative, the 
reciprocal agglutinins were present in the scrum. Other unpublished 
results give a total of thirteen lowland gorillas tested, all B. 

Various tests on monkeys showed that in the Simiidae and Hylo- 
batidae, as in man, when A is present in the red cells the /8 agglutinin 
is in the serum, and similarly for the other blood groups. In the 
Cercopithecidae, however, the red cells do not contain the agglutino- 
gens A or B, but the sera nevertheless contain the a and ^ agglutinins. 
In the rhesus monkey {M. midatta), a but not ^ is regularly present 
and the tissues, urine and saliva (but not the red cells) show the pres- 
ence of B ; while in Cercopithecus jS is apparently present, but not a. 
Other workers have shown that in baboons and other monkeys one 
agglutinin or the other may be present, depending on the individual. 
As seen in Table 29, four rhesus monkeys were all B in saliva, urine 
and tissues, and many previous experiments indicate that B is universal 
in the rhesus monkey. The twelve Java macaques were distributed 
in A, B or AB, as would be expected from inheritance in the two 
families. The reciprocal relation of agglutinogen and agglutinin found 
in man and the great apes is thus shown to apply to the monkeys 
generally but not to their red cells. Since the chimpanzee is^ , the only 
anthropoid in which O has yet been found, Candela, Wiener and Goss 
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(1940) suggest that possibly all individuals were originally AB, and O 
is a loss mutation. The apparent absence of B from this species makes 
this view difficult to accept, although it may ultimately prove to be 
correct. Dahr (1940) tested anthropoid sera against anthropoid and 
human corpuscles and thus showed the presence of jS in A-anthropoids, 
a in B-anthropoids, both a and /3 in 0-chimpanzees, while in AB-orangs 
a and (3 were absent. As heteroagglutinins against the corpuscles of 
the great apes are generally also present in human sera, the latter 
are not suitable for testing the A and B in anthropoids. 

Tests by Wiener el al. (1942) of six black spider monkeys {Ateles aler) 
showed the presence of A in the saliva, although the red cells were negative. 
Similarly, five gray spider monkeys {Ateles cucullatus) were tested; four 
showed B in the saliva and a in the serum, while one tested O in the saliva 
and a/3 in the serum, the red cells being negative in all. Thus there is a 
tendency in many species of primates for one blood group to be predom- 
inantly or exclusively present. Further exploration may, however, change 
this picture, and in any case it appears most probable that the origin of one 
group from another through mutation has occurred independently in 
different species. That these have been loss mutations, ending with O, is 
not impossible on general grounds. 

The results with primates indicate, as Wiener (1943) points out, 
that the A and B group substances were present in the organs and 
secretions of lower primates, only appearing in the red cells at a higher 
stage of evolution. Wiener, Boyd and others believe that the present 
distribution of A, B and O in man and anthropoids can be accounted 
for by crossing between races which were originally pure for one group. 
This simply throws the origin of the blood group differences one step 
further back. Instead of a differentiation of races through low muta- 
tion rates extending over long periods, we would have the rare occur- 
rence of single mutations. But in the absence of selection, the mere 
isolation of a group in which such a mutation had occurred would not 
produce a race with a high frequency of the A or B. Of course, migra- 
tion and crossing will account for many features of agglutinogen dis- 
tribution, such as the B in Europe, but this does not touch the funda- 
mental question of the origin of the racial differences. In this respect 
the serological view does not meet all the known genetical facts. 

Landsteiner and Wiener (1937) tested the blood of several Old World 
and New World monkeys for M. They found both M and N in ten 
chimpanzees and M always present in the rhesus monkey, and con- 
cluded that the M agglutinogen is limited to Primates. Wiener (1938) 
confirmed that M and N are present in all chimpanzees, but not iden- 
tical with human M and N. He showed the presence of M in gibbons, 
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orangs and certain lower monkeys and recently in the gorilla Janet 
with less similarity to the human according to their position in the 
evolutionary scale. Different rabbits are found to produce qualitatively 
different M-agglutinins. Dahr (1939) confirms that lemurs and New 
World monkeys do not have the M, N which are present in the Old 
World monkeys. He finds the B of the orang indistinguishable from 
human B, while B-like substances are widely present in the lower 
mammals such eis the mouse, rat, rabbit, guinea pig, cat, pig, donkey 
and cattle. He also finds serological incompatibility between the 
Platyrrhine (New World) and Catarrhine (Old World) monkeys, eis 
shown by reciprocal agglutination of their red cells. 

Only brief reference can be made to the numerous serological studies 
in other animals. In rabbits (Keeler and Castle, 1934), two agglutino- 
gens, Hi and H2, are found, as well as O. Hi and H2 are both dominant 
to O. The corresponding agglutinins are secondarily produced. Thus 
an O mother injected with H1H2 blood develops both hi and h2 agglu- 
tinins in her blood and these are transmitted through her placenta to 
her offspring, but there is no harmful effect. The agglutinogens were 
found to be already developed in the nucleated blood cells (normo- 
blasts) of a 4-mm. embryo. Knopfmacher (1942) has found a third 
isohaemagglutinogen. He, independent of the alleles Hi and H2. He 
also found that the homozygous and heterozygous conditions could 
be distinguished by the strength of the clumping. Sawin and colleagues 
(1943, 1944), in further studies, find that some rabbits have the a 
agglutinin for human A cells, some that for B and some that for O. 
The gene An produces antigen in the serum, but no a agglutinin. It is 
dominant to an which produces antibodies but not antigen in the 
serum. The A antigen in rabbits is linked to the gene for brachydactyly. 

In fowls, the work of Todd (1930) and Thomsen (1936) has shown 
the presence of a large but not unlimited number of inherited antigens. 
Stormont and Cumley (1943) have shown the presence of thirty differ- 
ent inherited antigens in the red cells of cattle. These are, however, 
hemolysins, requiring the presence of “complement” from rabbit 
serum, and producing laking of the corpuscles. Each is represented 
by a gene. The number of chromosome pairs is also thirty, but there 
is evidence of linkage between some of these genes. 

One more immunological study may be referred to because of its 
special genetic interest. Irwin and his colleagues have made extensive 
studies of the serological differences in certain dove hybrids, and their 
inheritance. In the latest papers (Cumley and Irwin, 1942), the inher- 
itance of the various antigens in the pearlneck {Streptopelia chinensis) 
and the ring dove {S. risoria) and their hybrids has been analyzed to 
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show their Mendelian inheritance. The pearineck is found to have 
ten or more species-specific antigens, which distinguish its red cells 
from those of the ring dove. Each is determined by one or more genes, 
on separate chromosomes since they show genetic segregation in the 
hybrids. By immunizing a rabbit with red cells of the pearineck, four 
kinds of specific antibodies are produced, only one of which is the 
same as one in the ring dove. The latter has another which is not 
found in the pearineck. By back-crosses of the hybrids to the two 
parent species, these specific elements could be segregated and analyzed. 
In another cross (Irwin and Cumley, 1942) between the ring dove and 
the pigeon {Columba livia), it was similarly shown that these species 
have certain proteins in common and certain others which are specific 
for each species, again showing that genes determine the chemical 
constitution of the various proteins involved. In this sense the blood 
groups can be regarded as cell characters, fairly close developmentally 
to the genes that produce them, and perhaps indeed identical with 
them. 

In the ring dove X pearineck a “hybrid” substance appears. This 
is composed of three antigens, two of which show complete linkage 
with certain pearineck characters. 

By crosses between the Senegal dove and the ring dove, Cumley, 
Irwin and Cole (1943) show that antigens in the serum are controlled 
by genes which segregate independently from antigens in the red 
corpuscles. A further study by Cumley and Irwin (1944) of the blood 
cell antigens in various species, shows that the species fall into two 
separate groups — Old World and New World. There are many gene- 
determined antigens in each species and an early evolutionary separa- 
tion of the two groups is indicated. It is thus clear that in birds the 
antigens and their inheritance can furnish evidence of phylogeny. 

In crosses between mallard and Muscovy ducks, McGIbbon (1944) 
found six specific antigens (two of them in the same chromosome), 
showing evidence of segregation. Some were possessed by each species 
and others were common to both. The Fi sterile hybrids all had also a 
^‘hybrid” substance presumably derived from the interaction of genes. 

These and various other results indicate that many biochemical 
syntheses are controlled by single genes in the cell. E. B. Wilson orig- 
inally suggested that the chromosomes produce or contain enzymes. 
It seems that not only are large numbers of antigens in animals and 
man direct gene products, but that the same is true of many enzymes. 
Indeed it appears that these genes can be directly identified with the 
corresponding enzyme or antigen (see Sturtevant, I944. Emerson, 

1944)- 
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